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WEKA: the software

= Machine learning/data mining software written in
Java (distributed under the GNU Public License)

= Used for research, education, and applications
= Complements “Data Mining” by Witten & Frank
= Main features:

o Comprehensive set of data pre-processing tools,
learning algorithms and evaluation methods

o Graphical user interfaces (incl. data visualization)
¢ Environment for comparing learning algorithms
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WEKA: versions

= There are several versions of WEKA:

o WEKA 3.0: “book version” compatible with
description in data mining book

o WEKA 3.2: “GUI version” adds graphical user
Interfaces (book version is command-line only)

o WEKA 3.3: “development version” with lots of
Improvements

= This talk is based on the latest snapshot of WEKA
3.3 (soon to be WEKA 3.4)
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WEKA only deals with “flat” files

@relation heart-disease-simplified

@attribute age numeric

@attribute sex { female, male}

@attribute chest_pain_type { typ_angina, asympt, non_anginal, atyp angina}
@attribute cholesterol numeric

@attribute exercise_induced_angina { no, yes}

@attribute class { present, not_present}

@data \
63,male,typ _angina,233,no,not_present

67,male,asympt,286,yes,present Flat ﬁle in

67,male,asympt,229,yes,present

38 female,non_anginal,?,no.not_present ARFF forma

2/22/2011 University of Waikato 5



WEKA only deals with “flat” files

@relation heart-disease-simplified

numeric attribute
@attribute age numeric * *
@attribute sex { female, male) -« nOmlnal attl'lbUte

@attribute chest_pain_type { typ_angina, asympt, non_anginal, atyp angina}
@attribute cholesterol numeric

@attribute exercise_induced_angina { no, yes}

@attribute class { present, not_present}

@data

63,male,typ _angina,233,no,not_present
67,male,asympt,286,yes,present
67,male,asympt,229,yes,present
38,female,non_anginal,?,no,not_present
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Welcore to the WEKA SirpleCLI

Enter commands in the textfield at the bottom of
the window. Use the up and down arrows to move

through previous commands.

> help

Command must be one of:
jave <classnare> <argsr
brea
kill
cls
exit
help <command>
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Weka Knowledge Explorer
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come to the WEKA SimpleCLI

Lands in the textfield at the bottom of
Use the up and down arrows to move
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University of Waikato L pxn
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Weka KnowledgeFlow Environment
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Explorer: pre-processing the data

= Data can be imported from a file in various
formats: ARFF, CSV, C4.5, binary

= Data can also be read from a URL or from an SQL
database (using JDBC)

= Pre-processing tools in WEKA are called “filters”

= WEKA contains filters for:

o Discretization, normalization, resampling, attribute
selection, transforming and combining attributes, ...
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8006 Weka Knowledge Explorer
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8006 Weka Knowledge Explorer
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Weka Knowledge Explorer
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8006 Weka Knowledge Explorer

}-Pﬂ:pmees&-i Classify ' Cluster l Associate l Select attributes l Visualize ]

( Open file... ) ( Open URL... ) ( Open DB... ) Undo ( Save... :I
~Filter
| Choose | Discretize -8B 10 -R first-last [ Apply
—Current relation -Selected attribute
Relation: iris Mame: petallength Type: Numeric
Instances: 150 Attributes: 5 Missing: 0 (0%) Distinct: 43 Unique: 10 (7%)
~Aftributes Statistic Value
No. Name Minimum 1
1 sepallength Maximum 6.9
2 sepalwidth Mean 3.759
3 petallength StdDev 1.764
4 petalwidth
5class
[ . ™ I SyE— Y
Colour: class (Nom) 1+ ( Visualize All')
37
2 o o 2 -
I‘i E.'BI

Status
|7 oK




000

Weka Knowledge Explorer
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Weka Knowledge Explorer
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8006 Weka Knowledge Explorer
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Explorer: building “classifiers”

= Classifiers in WEKA are models for predicting
nominal or numeric quantities

= Implemented learning schemes include:

¢ Decision trees and lists, instance-based classifiers,

support vector machines, multi-layer perceptrons,
logistic regression, Bayes’ nets, ...

» “Meta’-classifiers include:

¢ Bagging, boosting, stacking, error-correcting output
codes, locally weighted learning, ...
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f class
.ﬁ{NDm) class H Test mode: split &&% train, remainder test
( Start ) F A— giaa———"h === Classifier model (full training set) ===

-Result list (right-click for options)

J48 pruned trees

111:49:05 - trees.j48.J48

petalwidth <= 0.6: Iris-setosa (530.0)
petalwidth > 0.6
| petalwidth <= 1.7

I
I | petallength > 4.9
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| petallength <= 4.9: Iris-versicolor (48.0/1.0)
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Time taken to build model: 0.24 seconds
() supplied test set = Set..
—_— === Evaluation on test split ===
() Cross-validation Folds 10 Summary
B Percentage split % ©B6 Correctly Classified Instances 44 96 .0784 %
Incorrectly Classified Instances 2 3.9216 %
( More options... ) Kappa statistic 0.9408
Mean absclute error 0.0394
Root mean squared error 0.157%8
{[Num) class H Relatiwve absolute error B.8979 %
Root relative squared error 33.4091 %
___________ — Total Murber of Instances 51

( Start ) i Stop
-Result list (right-click for options)
111:49:05 - trees.j48.J48

=== Detailed Accuracy By Class ===

TP Rate FP Rate Precision Recall F-Measure Class
1 i 1 1 1 Iris-setosa
1 0.063 0.905 1 0.95 Iris-versicolor
Q.882 a 1 d.8a82 Q.938 Iris-virginica

=== Cpafusion Matrix ===

<-- plassified as
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4
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019 0| b = Iris-versicolor
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2

0.9408
0.0394
0.15749
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33.4091 %
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1
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—Status
OK




600

Weka Knowledge Explorer

l Preprocess M Cluster l Associate I Select attributes I Visualize

rClassifier

J48 -C 0.25 -M 2

-Test options
() Use training set

() supplied test set

E Cross-validation Folds

#) Percentage split

% 66

—Classifier output

Time taken to build model:

=== Evaluation on test split =—=
10 Summary

Correctly Classified Instances

( More options...

Incorrectly Classified Instances
) Kappa statistic

Mean absolute erroer

Root mean squared error

" (Nom) class

Felative absolute error

¢ Start——4

-Result list (right-click for options}
|[11:49:05 - trees.j48.48

Status
|7DH'.

Root relative squared error
Total Mumber of Instances

=== Detailed Accuracy By Class ===

View in main window Recall
View in separate window 1

1
Save result buffer 0.882
Load model
Save model
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0.15749
8.8979 %
33.4091 %
31

F-Mpasure
1
0.95
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O Use trﬂining et === Evaluation on test split === :""
= Surmary
() supplied test set Set...
. . Correctly Classified Instances a0 a8.0392 %
O Cross-validation Folds 10 Incorrectly Classified Instances al 1.9808 %
= Happa statistic 0.9704
B PETEEHTEQE 5p|ll' % 66 Mean absolute error 0.02349
M = Foot mean squared ercror 0.1101
(_ ore options... j Relative absolute error 5.3594 %
Foot relative sguared ercror 23.2952 %
f Total Mumber of Instances 51
_(Nom) class B
=== Detailed Accuracy By Class ===
( Start ) Stop TP Rate FP Rate Pracision Recall F-Measure Class
, , , , 1 i 1 1 1 Iris-setosa
-Result list {right-click for options) 1 0.031 0.95 1 0.974  Iris-versicolo:
11:49:05 - trees.j48.J48 0.941 Qa 1 0.941 Q.97 Iris-virginica
114:34:28 - functions.neural.NeuralNetwork| _ ,
Confusion Matrix ===
a b e <-- rlassified as
15 0 0| a = Iris-setosa
018 0| b = Iris-versicolor
0 1168 | e = Iris-virginica
'
1T
B . | Jalw!
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( Start ) Stop TP Rate FP Rate Pracision Recall F-Measure Class
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1
I Y

A |
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l [ 2 I:j lazy

[ 3 L_} meta
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L

=
I ' '

assifier output

== Ewvaluation on test split
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srrectly Classified Instances 30
icorrectly Classified Instances 1

sippa statistic 0.9704
san absolute error 0.0233
ot mean squared error 0.1101
alative absolute error 5.3594 %
ot relative sguared error 23.2952 %
stal Humber of Instances 51

= Detailed Accuracy By Class

# Rate FP Rate Precision Recall F-Measure
1 0 1 1 I

1 0.031 0.4a5 1 0.4974
0.941 0 1 0.941 0.a7

= Confusion Matrix ===

a b o <-- glassified as

L 0 0| a = Iris-setosa
{013 0| b = Iris—versicolor
Q0 1168 | ©c = Iris-virginica

98.0392 %
1.9608 %

Class
Iris-setosa
Iris-versicolon
Iris—virginica

N
Jal»l

Fal»

QuickTime™ and a TIFF (LZW) decompressor are needed to see this picture.
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Weka Knowledge Explorer

[ Preprocess H Cluster l Associate [ Select attributes [ Visualize I

~Classifier

MNaiveBayes

-Test options

() Use training set

() supplied test set Set...

D Cross-validation Folds .lli}

#) Percentage split % bb

( More options... j
" (Nom) class B
{ Start . : S )

-Result list (right-click for options)

11:49:05 - trees.j48.J48
14:34:28 - functions.neural.NeuralNetwork

-Classifier output

=== Evaluation on test split ===

Surmary

Correctly Classified Instances
Incorrectly Classified Instances
Happa statistic

Mean absclute error

Foot mean squared ercror

FRelative absolute error

Foot relative sguared ercror
Total Hurber of Instances

=== Detailed Accuracy By Class ===

TF Rate FF Eate Frecision Recall

1 Q 1 1
1 0.031 .95 1
0.941 Qa 1 0.941

=== Cpnfusion Matrix ===

a b e <-- rlassified as

15 0 0| a = Iris-setosa
018 0| b = Iris-versicolor
0 1168 | e = Iris-virginica

|

. |

LAT04
L0239
L1101
L3594 %
L2952 &

- - I -

ke
oLy L

F-Measure
1
0.974
0.497

Class
Iris-setosa
Iris-versicolon
Iris-virginica

98.0392 %
1.9608 %

Y
¥
i

Talwl

QuickTime™ and a TIFF (LZW) decompressor are needed to see this picture.

Log

- °
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Weka Knowledge Explorer

[ Preprocess M Cluster l Associate [ Select attributes [ Visualize I

~Classifier

MNaiveBayes

-Test options

() Use training set

() supplied test set Set...

D Cross-validation Folds .lli}

#) Percentage split % bb

( More options... j
" (Nom) class B
{ Start

-Classifier output

=== Evaluation on test split ===

Surmary

Correctly Classified Instances
Incorrectly Classified Instances
Happa statistic

Mean absclute error

Foot mean squared ercror

FRelative absolute error

Foot relative sguared ercror
Total Hurber of Instances

=== Detailed Accuracy By Class ===

)

oo o H o

]
s L

Ln
=

TF Rate FF Eate Frecision Recall
il 0 1 1
1 0.031 0.45 1
0.941 il 1 0.941
=== Cpnfusion Matrix ===
a b e <-- plassified as
15 0 0| a = Iris-setosa
019 0 | b = Iris-versicolor
0 1168 | e = Iris-virginica

LAT04
L0239
L1101
L3504
L2852

F-Maasure

1
Q.97
Q.97

98.03492 %
1.96808 %
%
%
Class
Iris-setosa
4 Iris-versicolorn

Iris-virginica

E

Wl

QuickTime™ and a TIFF (LZW) decompressor are needed to see this picture.

Clos ) g *0




006 Weka Knowledge Explorer

[ Preprocess H Cluster l Associate [ Select attributes [ Visualize I

~Classifier

MNaiveBayes
-Test options -Classifier output
(] USEtrﬂhﬁng sef === Evaluation on test split === }“
= Snfrfrar}r
() supplied test set Set...
. . Correctly Classified Instances 48 94,1178 %
(} Cross-validation Folds 10 Incorrectly Classified Instances 3 5.8824 %
= Happa statistic 0.9113
B PETEEHTEQE 5p|ll' % 66 Mean absclute error 0.0447
M = Foot mean squared ercror 0.1722
(_ ore options... j FRelative absolute error 10.0365 %
Foot relative sguared ercror 36.4196 %
f Total Hurber of Instances 51
_(Nom) class H

=== Detailed Accuracy By Class ===

( Start ) .“ SIDH ,. TF Rate FF Rate Frecision Becall F-Measure Class
, . - _ 1 Q 1 1 1 Iris-setosa
~Result list (right-click for options) 0.947 0.063 0.9 0.947 0.923  Iris-versicolo
11:49:05 - TrEES.j4EJ4E 0.8z 0.0249 0.938 o.aaz2 0.a049 Iris-virginica

14:34:28 - functions.neural.NeuralNetwork
114:48:05 - bayes.MNaiveBayes

| Confusion Matrix ===

a b e <-- rlassified as

15 0 0| a = Iris-setosa
018 1 | b = Iris-versicolor
0 213 | e = Iris-virginica

|

) Valrl

—Status
OK




006 Weka Knowledge Explorer

[ Preprocess M Cluster l Associate [ Select attributes [ Visualize I

~Classifier

MNaiveBayes
-Test options -Classifier output
C}IJSEtrﬂhﬁng sef === Evaluation on test split === }"
= Snfrfrar}r
() supplied test set Set...
. . Correctly Classified Instances 48 94,1178 %
(} Cross-validation Folds 10 Incorrectly Classified Instances 3 5.8824 %
= Happa statistic 0.9113
B PEH:EHTEEE Spllt % 66 Mean absclute error 0.0447
M = Foot mean squared ercror 0.1722
(_ ore options... j FRelative absolute error 10.0365 %
Foot relative sguared ercror 36.4196 %
f Total Hurber of Instances 51
_(Nom) class H

=== Detailed Accuracy By Class ===

( Start ) .“ SIDH ,. TF Rate FF Rate Frecision Becall F-Measure Class
, . - _ 1 Q 1 1 1 Iris-setosa
~Result list (right-click for options) 0.947 0.063 0.9 0.947 0.923  Iris-versicolo
11:49:05 —TrEES.j4EJ4E 0.8z 0.0249 0.938 o.aaz2 0.a049 Iris-virginica

14:34:28 - functions.neural.NeuralNetwork
114:48:05 - bayes.MNaiveBayes

| Confusion Matrix ===

a b e <-- plassified as
15 0 0| a = Iris-setosa
018 1 | b = Iris-versicolor
0 213 | e = Iris-virginica
Yy
L
r T =
f - — SEIS

—Status
OK




8686 Weka Knowledge Explorer

l Preprocess M Cluster l Associate I Select attributes I Visualize

rClassifier

-Test options —Classifier output
G Use trﬂining sef === Evaluation on test split === -
— = Summary
() supplied test set Set...
Correctly Classified Instances 48 94,1178 %
G Cross-validation Folds 10 Incorrectly Classified Instances 3 5.8824 %
- Kappa statistic 0.9113
B FE":EHTEQE Spllt % 66 Mean absclute error 0.0447
M = Foot mean squared ercror 0.1722
( ore options... j FRelative absolute error 10.0365 %
Foot relative sguared ercror 36.4196 %
Total Hurber of Instances 51
I &
(Nom) class B
=== Detailed Accuracy By Class ===
_ ( Start ) View in main window Precision Recall F-Measure Class
| , , , . - - 1 1 1 Iris-setosa
[Resultlist (right-click for View in separate window 0.9 0.947 0.923  Iris-versicolo
11:49:05 - trees.j48, >ave result buffer 0.938 0.882 0.908  Iris-virginica
114:34:28 - functions.
5 14:48:05 - bayes.Nai Load model & ===
{ g g — B5.MNal
| Y Save model e
issified as
Re-evaluate model on current test set ;. _.orpsa
sis-versicolor
Visualize classifer errors -is-virginica
Visualize tree

Visualize margin curve
Visualize threshold curve 1 Iris-setosa

Status Visualize cost curve Y Iris-versicolor
{DH Iris-virginica




806 Weka Knowledge Explorer
Preprocess [ Classify i Cluster T Associate T Select attributes T Visualize |

Classifier

" =
Choose | MaiveBayes

B O © weka Classifier Visualize: ThresholdCurve. Class value Iris-versicolor)
Test options

_ Use training set X: False Positive Rate (Num) _] Y: True Positive Rate (Num) T\
) Supplied test set Colour: Threshold (Num) T] Select Instance T]
") Cross-validation - \ £ \ ) 1824 %
Clear Save Jitter 9
fo) Percentage split
‘. Mare optiol Flot: ThresholdCurve

{(Nom) class

( Start )
Result list (right-click for optio X Cm
11:49:05 - trees.j48.)48 Y 11 :
14:34:28 - functions.neul
14:48:05 - bayes.MNaiveBa
| T |
] 0.5 -
ah
T
€ . 4| b
Status

.
oK 2



006 Weka Knowledge Explorer

[ Preprocess H Cluster l Associate [ Select attributes [ Visualize I

~Classifier

MNaiveBayes
-Test options -Classifier output
(] USEtrﬂhﬁng sef === Evaluation on test split === }“
= Snfrfrar}r
() supplied test set Set...
. . Correctly Classified Instances 48 94,1178 %
(} Cross-validation Folds 10 Incorrectly Classified Instances 3 5.8824 %
= Happa statistic 0.9113
B PETEEHTEQE 5p|ll' % 66 Mean absclute error 0.0447
M = Foot mean squared ercror 0.1722
(_ ore options... j FRelative absolute error 10.0365 %
Foot relative sguared ercror 36.4196 %
f Total Hurber of Instances 51
_(Nom) class H

=== Detailed Accuracy By Class ===

( Start ) .“ SIDH ,. TF Rate FF Rate Frecision Becall F-Measure Class
, . - _ 1 Q 1 1 1 Iris-setosa
~Result list (right-click for options) 0.947 0.063 0.9 0.947 0.923  Iris-versicolo
11:49:05 - TrEES.j4EJ4E 0.8z 0.0249 0.938 o.aaz2 0.a049 Iris-virginica

14:34:28 - functions.neural.NeuralNetwork
114:48:05 - bayes.MNaiveBayes

| Confusion Matrix ===

a b e <-- rlassified as

15 0 0| a = Iris-setosa
018 1 | b = Iris-versicolor
0 213 | e = Iris-virginica

|

) Valrl

—Status
OK




006 Weka Knowledge Explorer

[ Preprocess M Cluster l Associate [ Select attributes [ Visualize I

~Classifier

NaiveBayes
-Test options -Classifier output
D Use trﬂining sef === Evaluation on test split === ."""
Snfrfrar}r
() supplied test set Set.
. . Correctly Classified Instances 48 94,1178 %
O Cross-validation Folds 10 Incorrectly Classified Instances 3 5.8824 %
= Happa statistic 0.9113
B PEH:EHTEEE Spllt % 66 Mean absclute error 0.0447
M = Foot mean squared ercror 0.1722
(_ ore options... j FRelative absolute error 10.0365 %
Foot relative sguared ercror 36.4196 %
f Total Hurber of Instances 51
_(Nom) class B
=== Detailed Accuracy By Class ===
( Start ) Stop TP Rate FP Rate Pracision Recall F-Measure Class
. . . . 1 0 1 1 1 Iris-setosa
=Resuislistiighsalick-oropions) 0.947 0.063 0.9 0.947 0.923  Iris-versicolo
11:49:05 - trees.j48.)48 0.882 0.0249 0.938 0.8az2 0.3049 Iris-wirginica
14:34:28 - functions.neural.NeuralNetwork _ ,
: Confusion Matrix ===
14:48:05 - bayes.NaiveBayes |
a b e <-- rlassified as
15 0 0| a = Iris-setosa
018 1 | b = Iris-versicolor
0 213 | e = Iris-virginica
'
L
i L
) Jalw!

—Status
OK




0o

Weka Knowledge Explorer

[ Preprocess H Cluster l Associate l Select attributes l Visualize I

~Classifier

I'J.j' welka
_w | classifiers
B - [‘j bayes ‘assifier output
unctions == Ewvaluation on test split ===
(2P Bi i 1 i pli -
> L_j meta prractly Classified Instances 48 94,1176 %
> L'j misc necorrectly Classified Instances 3 5.8824 %
(G ¢ appa statistic 0.9113
v 'Lj _rEEE ean absolute error 0.0447
| L_j adtree oot mean squared error a.1722
5 DE[igiDnE,tump elative absoelute error 10.0365 %
L = 1d3 pot relative squared error J6.4198 %
— otal MNumber of Instances a1
b |48
> L‘j Imt == Detailed Accuracy By Class ===
* > L_-? m3 F Rate FF Eate Frecision Becall F-Measure Class
= _ RandomForest 1 ] 1 1 1 Iris-setosa
“ randomTree 0.947 0.0&3 0.4 0.947 0.923 Iris-varsicolo
- 0.882 0.0249 0.938 0.882 0.9049 Iris-virginica
_ REPTree
I _" UserClassifier == Confusion Matrix ===
. rules
> L_j a b = <-- plassified as
15 0 0| a = Iris-setosa
018 1| b = Iris-versicoler
0 2153 | e = Iris—virginica
ii
b
| ) el
—Status

oK
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Weka Knowledge Explorer

[ Preprocess H Cluster l Associate [ Select attributes [ Visualize I

~Classifier

ickTima™ and o TIF (2 dscomprossor ro nosded 0o

-Test options

() Use training set

() supplied test set Set..

D Cross-validation Folds .lli}

#) Percentage split % bb

( More options... j
" (Nom) class B
{ Start === S )

-Result list (right-click

11:49:05 - trees.j48.J4
14:34:28 - functions.neuraN

-Classifier output

Evaluation on test split ===

Surmary

Correctly Classified Instances 48
Incorrectly Classified Instances 3

Happa statistic 0.9113
Mean absclute error 0.0447
Foot mean squared ercror 0.1722
FRelative absolute error 10.0365 %
Foot relative sguared ercror 36.4196 %
Total Hurber of Instances 51

=== Detailed Accuracy By Class

TP Rate FP Rate Pracision Recall F-Measure
L Q 1 1 1
0.947 0.0&83 0.4 0.847 0.a23
0.882 0.0249 0.938 0.882 0.8049

Confusion Matrix

114:48:05 - bayes.MNaiveBayes

a b e <-- rlassified as

15 0 0| a = Iris-setosa
018 1 | b = Iris-versicolor
0 213 | e = Iris-virginica

|

)

94 . 1176 %
5.8824 %

Class
Iris-setosa
Iris-versicolo
Iris-virginica

—Status
OK




D000 Weka Knowledge Explorer

[ Preprocess M Cluster l Associate l Select attributes l Visualize I
rClassifier

; Choose ||UserClassifi-
| (o) wsercssinng o
E—Testnpﬁnns M Data Visualizer ]

() Use training set

- Tree View
. Supplied test set i
() Cross-validation F |

#) Percentage split _
( More c}ptiﬂg

B |
- _(Nom) class 1 [Iris-setosa, 50.0]
: | [Iris-versicolor, 50.0]

| Start . [Iris-virginica, 50.0]
- -Result list (right-click for optic

|| 11:49:05 - trees.j48.J48
14:34:28 - functions.ney
14:48:05 - bayes.NaiveBs
15:26:57 - trees.UserCla}

'smms |
{Building model on training data... Log A‘ x 1




Weka Knowledge Explorer

I

Preprocess I’ Classify ‘ Cluster T Associate T Select attributes T Visualize |

Classifier

“ Choose ' |UserClassifier

Test options | '5 D E‘—' E

- :
_ Use training set Tree Visualizer I’ Data Visualizer ]

) Supplied test set
X: petallength (Num) T] Y: petalwidth (Num) T]

) Cross-validation

i

#) percentage split - Polyline

F i

" ——
More ¢ Clear T, Jitter %

Flot: iris

{(Nom) class

1

Result list (right-click for

11:49:05 - trees.j48,
14:34:28 - functions
14:48:05 - bayes.Nal
15:26:57 - trees.Use

Class colour

Status -
£ . & | .
Building model on training data... __Llog %‘\ x 1



Weka Knowledge Explorer

[ Preprocess l Classiﬁrq Cluster T Associate * Select attributes * Visualize |

~Classifier

' Choose ||UserClassifier

~Testoptions ——————— ﬁ G ﬁ

~Result list (right-click for

() Use training 5Et§ | Tree Visualizer l Data Visualizer 1
& Supplied test SEi : :
— . X: petallength (Num) e ] Y: petalwidth (Num) e ]
. Cross- 1.uraIn:iEltlu::urI .
@ Percentage split Colour: class (Nom) »  Polyline B
s More d f Submit ﬂ‘ f Clear ﬂ‘ ’r Save ﬂ‘ Jitter »
| (Nom) class - rPlot:iris
| RS
Start ] il
| P
HEN AT
T |

11:49:05 - trees.j48,
14:34:28 - functions
14:48:05 - bayes.Nal
15:26:57 - trEE5.U5d

~Class colour

Iris—-setosa Iris-versicolor

?

Status
{Euilding model on training data... L Log— /ﬁ x 1




f O O O Weka Knowledge Explorer

l Preprocess M Cluster l Associate I Select attributes I Visualize

rClassifier

UserClassifier

E—Testnptinns—: 3 6 B

() Use training set W"—‘ Data Visualizer

) Supplied test set| [Tree View

) Cross-validation|

#) percentage split

( More :ﬂ

= Spliton

~ _(Nom) class i petallength AND

| ! petalwidth

] Start } /\

~Result list (right-click for ¢

: | True False

11/11:49:05 - trees.j48.}
14:34:28 - functions, / \
14:48:05 - bayes.Naiy [Iris-versicolor, 1.0]| | [Iris-setosa, 50.0]
15:26:57 - trees.Usr.'f [Iris-virginica, 48.0] | |[Iris-versicolor, 49.0]

§ [Iris-virginica, 2.0]

Status
{Building model on training data...

.



006 Weka Knowledge Explorer

[ Preprocess M Cluster l Associate I Select attributes I Visualize I
-Classifier

UserClassifier

-Test options -Classifier output
[] USEtrﬂhﬁng sef === Evaluation on test split === |
Surmary
() supplied test set Set...
- . . Correctly Classified Instances 449 9 .0784 %
(j Cross-validation Folds 10 Incorrectly Classified Instances 2 3.921a %
= Happa statistic 0.9408
e PETEEHTEQE 5p|ll' % 66 Mean absclute error 0.03149
Foot mean squared ercror 0.1a22
FRelative absolute error T.1634 %
Foot relative sguared ercror 34.312 %
Total Hurber of Instances 51

QuickTime™ and a TIFF (LZW) decompressor are needed to see this picture.

=== Detailed Accuracy By Class ===

TF Rate FF Eate Frecision Becall F-Measure Class

1 Q 1 1 1 Iris-setosa
- - : 1 0.0&3 0.4805 1 0.495 Iris-varsicolo
11:49:05 - trees.j48.]48 0.882 a 1 0.882 0.938 Iris-virginica

14:34:28 - functions.neural.NeuralNetwork
14:48:05 - bayes.MaiveBayes

=== Cpnfusion Matrix ===

|]_5:44:32 - trees. UserClassifier | a b ¢ <-- classified as
15 0 0| a = Iris-setosa
018 0| b = Iris-versicoler
0 213 | e = Iris-virginica

—Status
OK




006 Weka Knowledge Explorer

[ Preprocess M Cluster l Associate I Select attributes I Visualize I
-Classifier

UserClassifier

-Test options -Classifier output
[] USEtrﬂhﬁng sef === Evaluation on test split === |
Surmary
() supplied test set Set...
- . . Correctly Classified Instances 449 9 .0784 %
(j Cross-validation Folds 10 Incorrectly Classified Instances 2 3.921a %
= Happa statistic 0.9408
e PETEEHTEQE 5p|ll' % 66 Mean absclute error 0.03149
Foot mean squared ercror 0.1a22
FRelative absolute error T.1634 %
Foot relative sguared ercror 34.312 %
Total Hurber of Instances 51

QuickTime™ and a TIFF (LZW) decompressor are needed to see this p

=== Detailed Accuracy By Class ===

TF Rate FF Eate Frecision Becall F-Measure Class

1 Q 1 1 1 Iris-setosa
- - : 1 0.0&3 0.4805 1 0.495 Iris-varsicolo
11:49:05 - trees.j48.]48 0.882 a 1 0.882 0.938 Iris-virginica

14:34:28 - functions.neural.NeuralNetwork
14:48:05 - bayes.MaiveBayes

=== Cpnfusion Matrix ===

|]_5:44:32 - trees. UserClassifier | a b ¢ <-- classified as
15 0 0| a = Iris-setosa
018 0| b = Iris-versicoler
0 213 | e = Iris-virginica

—Status
OK




006 Weka Knowledge Explorer

[ Preprocess M Cluster l Associate [ Select attributes [ Visualize I

—-Classifier
UserClassifier
-Test options -Classifier output
D Use trﬂining et === Evaluation on test split === ."""
= Snfrfrar}r
() supplied test set Set...
. . Correctly Classified Instances 449 9 .0784 %
O Cross-validation Folds 10 Incorrectly Classified Instances 2 3.921a %
= Happa statistic 0.9408
B PEH:EHTEEE Spllt % 66 Mean absclute error 0.03149
Fi — - wj Foot mean squared ercror 0.1a22
{NU“‘I] EEpE"Eﬂgth Felative ElJI:IEL}lI.ItE BLIor T.1634 %
= —| || Root relative sguared errcor 34.312 %
{Num] sepalwidth = Total Hurber of Instances 51

¥ (Num) petallength
(Num) pEtalwidth === Detailed Accuracy By Class ===
(Nom) class

TF Rate FF Eate Frecision Becall F-Measure Class

, . ; . 1 Q 1 1 1 Iris-setosa
~Result list {right-click for options) 1 0.063 0.805 1 0.85 Iris-versicolo
11:49:-05§ = trEE5_j4,EJ.q.E 0.882 0 1 0.882 0.938 Iris-virginica

14:34:28 - functions.neural.NeuralNetwork
14:48:05 - bayes.MaiveBayes

=== Cpnfusion Matrix ===

115:44:32 - trees.UserClassifier | a b e <-- classified as
13 0 0| a = Iris-setosa
018 0| b= Iris-versicolor
0 213 | e = Iris-virginica
r'Y
v
3 Falrl

—Status
OK




006 Weka Knowledge Explorer

[ Preprocess M Cluster l Associate I Select attributes I Visualize I

~Classifier

Choose _lUserClassifier

-Test options -Classifier output
[] USEtrﬂhﬁng sef === Evaluation on test split === |
Surmary
() supplied test set Set...
. . Correctly Classified Instances 449 9 .0784 %
(j Cross-validation Folds 10 Incorrectly Classified Instances 2 3.921a %
= Happa statistic 0.9408
e PETEEHTEQE 5p|ll' % 66 Mean absclute error 0.03149
Foot mean squared ercror 0.1a22
FRelative absolute error T.1634 %
Foot relative sguared ercror 34.312 %
Total Hurber of Instances 51

QuickTime™ and a TIFF (LZW) decompressor are needed to see this picture.

=== Detailed Accuracy By Class ===

TF Rate FF Eate Frecision Becall F-Measure Class

1 Q 1 1 1 Iris-setosa
- - : 1 0.0&3 0.4805 1 0.495 Iris-varsicolo
11:49:05 - trees.j48.]48 0.882 a 1 0.882 0.938 Iris-virginica

14:34:28 - functions.neural.NeuralNetwork
14:48:05 - bayes.MaiveBayes

=== Cpnfusion Matrix ===

|]_5:44:32 - trees. UserClassifier | a b ¢ <-- classified as
15 0 0| a = Iris-setosa
018 0| b = Iris-versicoler
0 213 | e = Iris-virginica

—Status
OK




_"" RandomTree
" REPTree

_L" UserClassifier

I | 3 ﬂ rules

== Confusion Matrix ===

a b & <-- classified as
L5 0 0| a= Iris-setosa
019 0| b = Iris-versicoler
0 2 15| e = Iris-virginica

Preprocess Cluster | Associate | Select attributes | Visualize
-Classifier
| weka
¥ | classifiers
» | bayes ifier output
> ﬂ functions Evaluation on test split === -
b | lazy Summary ===
d ﬂ _ rrectly Classified Instances 49 96.0784 %
> ﬂ misc correctly Classified Instances 2 3.9216 %
ﬁ d n absoclute error 0.0319
> adtree t mean squared error 0.1a22
 DecisionStump lative absolute error 7.1634 %
5 1d3 t relative sgquared error 34.312 %
e tal Number of Instances 51
b |0 48
| imt -~ Detailed Accuracy By Class ===
.7 m5
v N # Rate FF Rate Frecision  Recall F-Measure Class
L . 1 0 1 1 1 Iris-setosa
_"" RandomForest 1 0.083 0.905 1 Q.85 Iris-versicolo
0.882 Qa 1 0.882 0.938 Iris-virginica

—Status
OK




0o

Weka Knowledge Explorer

[ Preprocess M Cluster l Associate l Select attributes l Visualize I

rClassifier

-Test options

M5P -M 4.0

-Result list (right-click for options)

-Classifier output
() Use training set === Run information ===
Ej Supplied test set Set. Scheme: weka.classifiers.trees.m5.M5F -M 4.0
~ Relation: iris
. Cross-validation Folds 10 Instances: 150
. EBttributes: 5
#) Percentage split % bb sepalElereh
- sepalwidth
( More options... j petallength
petalwidth
f class
.ﬁ{Num) F'Etﬂ"E"ch ﬁ Test mode: split &6% train, remainder test
( Start ) 7 Stop % === (lagsifier model (full training set) ===

M3 pruned model trees:

{using smoothed predictions)

11:49:05 - trees.j48.J48

14:34:28 - functions.neural.NeuralNetwork
14:48:05 - bayes.MaiveBayes

15:44:312 - trees.UserClassifier

|[15:49:03 - trees.m5.M5P

petalwidth <= 0.8 : IM1 (530/10.469%)
petalwidth > 0.8
I class=Iris-virginica <=

| class=Iris-virginica =

: ILM2 (50/14.
. M3 (50/17.

Ln

0.
a.

L

LM num: 1
Linear Regression Model

petallength =

L P N S s £l oRad

325%)
398%)

Status
OK




006 Weka Knowledge Explorer

[ Preprocess M Cluster l Associate l Select attributes l Visualize I

rClassifier
-Test options -Classifier output
| P I CIESE—IrIE-TirgQlnIicE =~ e o LEI3 (AU L. 3F0%] T
() Use training set -
i - F LM num: 1
! SupphEthEIEEl Set... Linear Regressiocn Model
i — =
) Cross-validation Folds 10 petallength =
#) Percentage split % bb
0.4957 * petalwidth +
( More options... j 1.343

LM num: 2
ﬁ Linear Regression Model

" (Num) petallength

petallength =
( Start ) [ Stop '
| 0.4208 * sepallength +
' ~Result list {right-click for options) 1.2692 * petalwidth +

Q.07495

11:49:05 - trees.j48.J48
14:34:28 - functions.neural.MeuralNetwork | | LM num: 3

14:48:05 - bayes.NaiveBayes Linear Regression Model
[ 15:44:32 - trees.UserClassifier petallength =
|[15:49:03 - trees.m5.M5P |

0.75301 * sepallength +
0.6105

Number of Bules : 3

Status
{ oK




eCco

Weka Knowledge Explorer

[ Preprocess M Cluster [ Associate [ Select attributes l Visualize ]
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Explorer: clustering data

= WEKA contains “clusterers” for finding groups of
similar instances in a dataset

= Implemented schemes are:
¢ k-Means, EM, Cobweb, X-means, FarthestFirst

= Clusters can be visualized and compared to “true”
clusters (if given)

= Evaluation based on loglikelihood if clustering
scheme produces a probabillity distribution
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Explorer: finding associations

= WEKA contains an implementation of the Apriori
algorithm for learning association rules

o Works only with discrete data

= Can identify statistical dependencies between
groups of attributes:

o milk, butter = bread, eggs (with confidence 0.9 and
support 2000)

= Apriori can compute all rules that have a given
minimum support and exceed a given confidence
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Explorer: attribute selection

= Panel that can be used to investigate which
(subsets of) attributes are the most predictive ones
= Attribute selection methods contain two parts:

¢ A search method: best-first, forward selection,
random, exhaustive, genetic algorithm, ranking

¢ An evaluation method: correlation-based, wrapper,
iInformation gain, chi-squared, ...

= Very flexible: WEKA allows (almost) arbitrary
combinations of these two

2/22/2011 University of Waikato 116



006 Weka Knowledge Explorer

[ Preprocess l Classify l Cluster l Associate M Visualize I
-Aftribute Evaluator
 Choose | |CfsSubsetEval

—Search Method

I: Choose :I BestFirst -D 1 -MN &

—Attribute Selection Mode -Attribute selection output

) Use full training set
() Cross-validation Folds 10
Seed 1

" (Nom) Class B

"

{ Start )€ Stop

-Result list (right-click for options)

—Status
OK




006 Weka Knowledge Explorer

[ Preprocess l Classify I Cluster l Associate M Visualize I
-Aftribute Evaluator
CfsSubsetEval

—Search Method

BestFirst -D 1 -N 5

—Attribute Selection Mode -Attribute selection output

) Use full training set
() Cross-validation Folds 10
Seed 1

[[Nnm) Class H

{ Start Stop

-Result list (right-clic

—Status
OK




0o

Weka Knowledge Explorer

[ Preprocess l Classify l Cluster l Associate M Visualize I

—Aftribute Evaluator

CfsSubsetEval

—Search Method

BestFirst -D 1 -MN &

—Attribute Selection Mode

Use full training set
() Cross-validation Folds 10

Seed -1

B

[[Nnm) Class

-Attribute selection output

duty-fres-exports
export-administration-act-south-africa
Class

Evaluation mode: evaluate on all training data

Start

( )

-Result list (right-click for options)

Stop

116:39:40 - BestFirst + CfsSubsetEval

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: 83

Merit of best subset found: 0.7249
Bttribute Subset Evaluator {supervised, Class {nominal):
CFS Subset Evaluator

Selected attributes: 4 @ 1
physician-fee-fresze

17 Class): I
s
1

—Status
OK

Clos ) g *0




0o

Weka Knowledge Explorer

[ Preprocess l Classify l Cluster l Associate M Visualize I

—Aftribute Evaluator

CfsSubsetEval

—Search Method

[[Nnm) Class

-Attribute selection output

duty-fres-exports
export-administration-act-south-africa
Class

Evaluation mode: evaluate on all training data

Stop

{ Start )

-Result list (right-click for options)

116:39:40 - BestFirst + CfsSubsetEval

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: 83

Merit of best subset found: 0.7249
Bttribute Subset Evaluator {supervised, Class {nominal):
CFS Subset Evaluator

Selected attributes: 4 @ 1
physician-fee-fresze

17 Class):

—Status
OK




0o

Weka Knowledge Explorer

[ Preprocess l Classify l Cluster l Associate M Visualize I

—Aftribute Evaluator

I weka |
__ ¥ || atributeSelection
€ | CfsSubsetEval
| _ ClassifierSubsetEval
= ~ WrapperSubsetEval
Ea _ ConsistencySubsetEval
" ReliefFAttributeEval
 InfoGainAttributeEval
 GainRatioAttributeEval
=  SymmetricalUncertArtributeEval
. | DneRAttributeEval
W " ChiSquaredAttributeEval
; PrincipalComponents
(  SVMArtributeEval
-k

Selected attributes: 4 : 1

te selection output

duty-fres-exports =
export-administration-act-south-africa
Class

1ation mode: evaluate on all training data

sttribute Selection on all input data ===

=h Method:
Best first.

Start set: no attributes
Search direction: forward
Stale search after 5 node expansions
Total nurber of subsets evaluated: 83
Merit of best subset found: 0.7249
tbute Subset Evaluator (supervised, Class ({nominal): 17 Class):
CFS Subset Evaluatar
'
LT

physician-fee-fresze

—Status
OK

Clos ) g *0
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O G0 Weka Knowledge Explorer

[ Preprocess l Classify l Cluster l Associate M Visualize I

—Aftribute Evaluator

|: Choose j InfoGainAttributeEval
—Search Method
L weka =308 -N -1
¥ | attributeSelection
E ~ BestFirst te selection output
 ForwardSelection duty-free-exports =~
% RaceSearch export-administration-act-south-africa
— ) Class
_ GeneticSearch jation mode: evaluate on all training data
E _" RandomSearch
" ExhaustiveSearch
! -
__ Ranker Aittribute Selection on all input data ===
_ RankSearch
‘ th Method:
Best first.
E Start set: no attributes
I Search direction: forward
Stale search after 5 node expansions

Total nurber of subsets evaluated: 83
Merit of best subset found: 0.7249

itbute Subset Evaluator (supervised, Class {(nominal): 17 Class):
CFS Subset Evaluator

cted attributes: 4 @ 1
physician-fee-fresze

| &

lT
= —

—Status
oK Log
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Weka Knowledge Explorer

[ Preprocess l Classify l Cluster l Associate M Visualize I

—Aftribute Evaluator

l: Choose :I InfoGainAttributeEval

—Search Method

 Choose ) Ranker -T -1.7976931348623157E308 -N -1

—Attribute Selection Mode

) Use full training set
() Cross-validation

Folds 10
Seed 1

[[Nnm) Class

{ Start

-Aftribute selection output

[al»

- oo
————————3 a4

—Status
OK




006 Weka Knowledge Explorer

[ Preprocess l Classify l Cluster l Associate M Visualize I

—Aftribute Evaluator

InfoGainAttributeEval
~Search Method
Ranker -T -1.7976931348623157E308 -N -1
—Attribute Selection Mode -Aftribute selection output
Use full training set Information Gain Ranking Filter :.--
() Cross-validation Folds 10 Ranked attributes:
Seed '1 ' 0.7078541 4 physician-fese-freeze
0.4185726 3 adoption-of-the-budget-resolution
0.40283497 3 el-salvador-aid
f (Nom) Class H 0.34038 12 education-spending
. 0.3123121 14 crime
) 0.3095576 8 aid-to-nicaraguan-contras
( Start } f Stop 0.2856444 9 mx-missile
0.2121705 13 superfund-right-to-sue
-Result list (right-click for options) 0.2013666 15 duty-free-exports
- 0.1902427 7 anti-satellite-test-ban
16:39:40 - BestFirst + CfsSubsetEval 0.1404643 6 religious-groups-in-schools
116:43:05 - Ranker + InfoGainAttributeEvall 0.1211834 1 handicapped-infants
0.10074538 11 synfuels-corporation-cutback
0.0529956 16 export-administration-act-south-africa
0.0049097 10 immigration
Q.0000117 2 water-project-cost-sharing
Selected attributes: 4,3,5,12,14,8,9,13,15,7,6,1,11,16,10,2 : 16
r'Y
b4
- — <+

—Status

ox Clos ) g *0




Explorer: data visualization

= Visualization very useful in practice: e.g. helps to
determine difficulty of the learning problem

= WEKA can visualize single attributes (1-d) and
pairs of attributes (2-d)

o To do: rotating 3-d visualizations (Xgobi-style)
= Color-coded class values

= “Jitter” option to deal with nominal attributes (and
to detect “hidden” data points)

s “Zoom-in” function

2/22/2011 University of Waikato
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8006 Weka Knowledge Explorer

F—W Classify ' Cluster l Associate l Select attributes l Visualize '

( Open file... ) ( Open URL... ) ( Open DB... ) ( Undo :I ( Save... :I
—Filter
| Choose |None [ Apply )
—Current relation —Selected attribute
Relation: Class Mame: Rl Type: Numeric
Instances: 214 Attributes; 10 Missing: 0 (0%) Distinct: 178 Unigue: 145 (68%)
~Attributes Statistic Value
No. N Minimum 1.511
1RI Maximum 1.534
2 Na Mean 1.518
3 Mg StdDev 0.003
4 Al
5Si
BK
7Ca [ - x - -
a5 " Colour: Type (Nom) 1+ ( Visualize All')
9 Fe
10 Type
Y o 48 4

Status
|7 oK




006 Weka Knowledge Explorer
[ Preprocess l Classify I Cluster l Associate I Select attributes M

Plot Matrix RI Na Mg Al S K .

Type

= —————————x Dalr
= T

i
Tale

PointSize: [1] _ (_ Update J
Jitter: _ ( Select Attributes)l

{ . 2
Colour: Type (Nom) '+] ( SubSample%: ) 100
Class Colour
build wind float build wind non-£loat ESCESEER T L wahic wind non-float OWare
—Status

oK
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Weka Knowledge Explorer

[ Preprocess l Classify l Cluster l Associate l Select attributes M

Plat Matrix

Type

Rl MHa Mg Al |

PlotSize: [100]
PointSize: [1]

Jitter:

( Update :I

( Select Attributesjl

[ Colour: Type (Nom)

'+] ( SubSample%: ) 100

Class Colour

build wind float build wind non-£loat

vehic wind non-float

.—Status
OK
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l Preprocess l Classify ' Cluster l Associate l Select attributes ‘—Vrmhme—l
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l Preprocess l Classify ' Cluster l Associate l Select attributes ‘—Vrmhme—l
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X: Al (Num) '+ [y:Ca(Num)

Colour: Type (Nom) 'v1 SelectInstance

Plot: Glass

Class colour
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X: Al (Num) '+ [y:Ca(Num)

Colour: Type (Nom) 'v1 SelectInstance

Jitter €

Plot: Glass

Class colour
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X: Al (Num)

Weka Knowledge Explorer: Visualizing Glass

21 "y:ca (Num)

o+

Colour: Type (Nom)

B Rectangle

o

Submit

Clear

Save ) Jitter )

Plot: Glass

Class colour




868 Weka Knowledge Explorer: Visualizing Glass

X: Al (Num) '+ Tv:ca(Num)
Colour: Type (Nom) ﬂ Rectangle
Submit wa) { Clear 1 4 Save ) Jitter )
Plot: Glass

Class colour
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X: Al (Num)

Weka Knowledge Explorer: Visualizing Glass

21 "y:ca (Num)

o+

Colour: Type (Nom)

B Rectangle

o

Reset

Plot: Glass

Clear

Save ) Jitter

>

=
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come to the WEHA SirpleCLI

the
through

> help

Command must be one of:
Jave <classnare> <args
break

kill

cls

exit

help <command>

rands in the textfield at the bottom of
Use the up and down arrows to move

‘8080

Weka Experiment Environment

[setup | Run | Analyse |

Experiment Configuration Mode: @ simple O Advanced
€ Open... )€ Save... )€ New
[JDBC database [#) URL: jdbc:i
Experiment Type lteration G

{Cross-validation

[%) || Number of repetitions: |10

Number of folds: |10

@ Classification O Regression

® Data sets first
O Algorithms first

©® © © weka GUI Chooser

Waikato Environment for
Knowledge Analysis

(c) 1999 - 2003
University of Waikato
New Zealand

g

Delete selected

€ Add new... Y

)

{ Add new... Y€

Delete selected )

) Use relative paths

[ Simple CLI

X

Explorer )

J4g-C025-M2

U ibe d UCHiri
JUsers /eibe/Documents /datasets/UCI /vote.arff
m b d. UCH/glass.arff

-L0.3-M0.2-N500-V0O-S0-E20-Ha
NaiveBayes

{ Experimenter )({ KnowledgeFlow )

2/22/2011

University of Waikato

Classify | Cluster | Associate | Select attributes | Visualize |

i( Openfile.. ) oOpenuRL. ) (

OpenDB.. ) ' Undo Y€

CGroose) wone

|

Relation: iris

Instances: 150

Auributes: 5

Name: sepallength
Missing: 0 (%) Distinct: 35

Type: Numeric
Unigue: 9 (6%)

Statistic

No.

Name

Minimum

1sepallength
2 sepalwidth
3 petallength
4 petalwidth
5class

Maximum
Mean
StdDev

{Colour: class (Nom)

1%) (visualize Al

Weka KnowledgeFlow Environment

[ evaluation fVisualization | Datasinks | Filters | Classifiers | DataSources |

3

&

dataset ) %
>

testSet testSet
trainingset 5 0 trainingSet
> ———raninglety,

Sc, i cl

eEvaluator

ChClassifier

&

TextViewer

e

SRICE

Done.
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©® © © weka GUI Chooser

Waikato Environment for

come to the WEHA SirpleCLI

the
through

> help

Command must be one of:
Jave <classnare> <args
break

kill

cls

exit

help <command>

rands in the textfield at the bottom of
Use the up and down arrows to move

Knowledge Analysis

(c) 1999 - 2003
University of Waikato
New Zealand

Run | Analyse |

xperiment Configuration Modie:

@ simple

O Advanced

€ Open...

Save...

New

[JDBC database [#) URL: jdbc:i

¢ Browse... )

Experiment Typ

{Cross-validation

Number of folds: 10
@ Classification O Regression

Heration G
Number of repetitions: |10
® Data sets first
O Algorithms first

0090 Weka Knowledge Explorer

[ Preprocess | Classify | Cluster | Associate | Select attributes | v

( Openfile.. ) ( OpenURL. ) (_  OpenDB.. ) °

3 € Save... D

| ine

G|

Relation: iris Name: sepallengtf
Instances: 150 Attributes: 5 Missing: 0 (%)
Statistic

Type: Numeric
Unique: 9 (6%)

Value

No. Name Minimum
BT Maximum

i Mean
StdDev

g

€ Add new... ) { Delete selected

)

{ Add new... Y€

wewew || SimpleCLl 3  Explorer )

) Use relative paths

J4g-C025-M2

U ibe d UCHiris.arff
JUsers /eibe/Documents /datasets/UCI /vote.arff
m b d. UCH/glass.arff

NaiveBayes

-L03-M0.2-N500-V0-S0-E20-Ha

{ Experimenter )({ KnowledgeFlow )

2/22/2011

University of Waikato

Weka KnowledgeFlow Environment

[ evaluation fVisualization | Datasinks | Filters | Classifiers | DataSources |

n | o=

dataset ) %
>

testSet testSet
trainingset 5 0 trainingSet
> ———raninglety,

2 & -

cl

eEvaluator

ChClassifier

TextViewer

e

SRIC

Done.

| Cios
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Performing experiments

= Experimenter makes it easy to compare the
performance of different learning schemes

= For classification and regression problems
= Results can be written into file or database

= Evaluation options: cross-validation, learning
curve, hold-out

= Can also iterate over different parameter settings
= Significance-testing built in!
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Weka Experiment Environment

H Run [ Analyse ]

Cross-validation

4

MNumber of folds:

P g N
.*) Classification

o M
. Regression

=

L
|

Mumber of repetitions:

{*) Data sets first

3 Algorithms first

Experiment Configuration Mode: @ Simple ) Advanced
( Open... ) , Save... x ( New )
-Results Destination
JDBC database ! Filename: | ’im:“
—Experiment Type ~lteration Control

-Datasets

£ Add new...

-'x.

i

Delete selected

-\\..

"1 Use relative paths

-Algorithms

" Add new...

Delete selected

~Motes
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Weka Experiment Environment

H Run [ Analyse ]

Cross-validation

4

=

MNumber of folds:

P g N
.*) Classification

o M
. Regression

L
|

Mumber of repetitions:

{*) Data sets first

3 Algorithms first

Experiment Configuration Mode: # simple ) Advanced
( Open... ) , Save... x ( New )
-Results Destination
JDBC database ! Filename: "W“
—~Experiment Type ~lteration Control

-Datasets

4 Add new...

"

e

Delete selected

"1 Use relative paths

-Algorithms

'j Add new...

Delete selected

~Motes




000

Weka Experiment Environment

’—Sﬁup-‘ Run ' Analyse I

Experiment Configuration Mode: # simple ) Advanced

( Open... ) I: Save... :I ( Mew
-Results Destination

' JDBC database |#] URL: jdbc:idb=experiments.prp  Browse...
—~Experiment Type ~lteration Control

_Cross-validation ‘%] || Number of repetitions: 10

Number of folds: 10 (®) Data sets first

" -

* Classification ) Regression ' Algorithms first
-Datasets -Algorithms

( Add new... :I ( Delete selected ) (_ Add new... _) I: Delete selected )

"1 Use relative paths

fUsers feibe/Documents fdatasets /UCI/iris.arff
JUsers feibe/Documents /datasets fUCI/vote.arff
fUsers /eibe/Documents/datasets /UCI/glass.arff

J48 -C 0.25 -M 2
NeuralNetwork -L 0.3 -M 0.2 -N 500 -VO0O-5S0-E20-Ha
MaiveBayes

~Motes




806 Weka Experiment Environment

Experiment Configuration Mode:

) Advanced

( Open... ) I: Mew
-Results Destination

' JDBC database |'#1 URL: jdbciidb=experiments.prp ' Browse...
—~Experiment Type ~lteration Control

_Cross-validation ‘%] || Number of repetitions: 10

Number of folds: 10 (® Data sets first

P -

@ Classification ) Regression -/ Algorithms first
-Datasets -Algorithms

( Add new... :I ( Delete selected ) ( Add new... ) I: Delete selected )

"1 Use relative paths

fUsers feibe/Documents fdatasets /UCI/iris.arff
JUsers feibe/Documents /datasets fUCI/vote.arff
fUsers /eibe/Documents/datasets /UCI/glass.arff

J48 -C 0.25 -M 2
NeuralNetwork -L 0.3 -M 0.2 -N 500 -VO0O-5S0-E20-Ha
MaiveBayes

~Motes




'a' 'e' e Weka Experiment Environment

Setup Analyse

( Start 3£ Stop 3

-Status
Not running




'e' e' e Weka Experiment Environment

Setup Analyse

{_ Start } “': Stop 3

-Status
Mot running




'e' e e' Weka Experiment Environment

[ Setup H Analyse ]

( Start } “': Stop 3

~Log

10:33:04: Started
13:41:15: Finished
13:41:15; There were 0 errors

-Status
Mot running




e a e Weka Experiment Environment

[ Setup H Analyse

( Start } Stop

~Log

10:33:04: Started
13:41:15: Finished
13:41:15; There were 0 errors

-Status
Mot running
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Weka Experiment Environment

[Setup [ Run H

-Source
Mo source ( File... } {Databa5e...) (Experiment)
—Configure test ~Test output
Row key fields ’r Select keys... ““‘
Run field 3
Column key fields ¢  Select keys...

Comparison field

Significance (.05

Test base

Select base...

Show std. deviations ||

4 Perform test

Save output

-Result list




e a e Weka Experiment Environment

[ Setup [ Run M

—Source

Mo source { File... ) {Databas.e...) (Experi

—Configure test ~Test output

B

Row key fields Select keys...

4

Run field

Column key fields f Select keys...

4 W

Comparison field

Significance (.05

.

Test base Select base...

Show std. deviations |

i

Perform test Save output

-Result list
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Weka Experiment Environment

[ Setup [ Run M

—Source

Got 900 results

( File... :1 (Databa5e...) (Experiment}

—Configure test

Row key fields ( Select keys...

Run field | Key_Run

Column key fields ( Select keys...

)
B
)
B

Comparison field [ Percent_correct

Significance 0.05

Test base ( Select base... )

Show std. deviations | |

—_—

( Perform test

R

Save output )

-Result list

13:44:17 - Available resultsets
113:44:55 - Percent_correct - trees.j48.J48 '-C (

Vil

{3) bavyes.NaiveBavyes

Pro2029074699749330519

~Test output
Analysing: Percent correct
Datasets: 3
Fesultsets: 3
Confidence: 0.05 {(two tailed)
Date: 9/9/03 1:44 PM
Dataset (1) trees.j4 {2) funct (3) baves
iris {100} 94 .73 S9%.4 95 .53
vote {100; 896.57 94 .71 * 00.02 *
Glass {100) &7.63 66.78 449,45 *

{wi /%) (07271} {(O/172)

Skipped:
Eay:
{1) trees.j48.J48 '-C 0.25 -M 2' -217733168393644444
{2) functions.neural .NeuralWetwork '-L 0.3 -M 0.2 -N 500 -w Q0 -5 (

Vil




8086

©® © © weka GUI Chooser

Waikato Environment for

come to the WEHA SirpleCLI

the
through

> help

Command must be one of:
Jave <classnare> <args
break

kill

cls

exit

help <command>

rands in the textfield at the bottom of
Use the up and down arrows to move

Knowledge Analysis

(c) 1999 - 2003
University of Waikato
New Zealand

Run | Analyse |

xperiment Configuration Modie:

@ simple

O Advanced

€ Open...

Save...

New

[JDBC database [#) URL: jdbc:i

¢ Browse... )

Experiment Typ

{Cross-validation

Number of folds: 10
@ Classification O Regression

Heration G
Number of repetitions: |10
® Data sets first
O Algorithms first

g

€ Add new... ) { Delete selected

)

{ Add new... Y€

wewew || SimpleCLl 3  Explorer )

) Use relative paths

J4g-C025-M2

U ibe d UCHiris.arff
JUsers /eibe/Documents /datasets/UCI /vote.arff
m b d. UCH/glass.arff

NaiveBayes

-L03-M0.2-N500-V0-S0-E20-Ha

{ Experimenter )({ KnowledgeFlow )

2/22/2011

University of Waikato

0090 Weka Knowledge Explorer

[ Preprocess | Classify | Cluster | Associate | Select attributes | v

( Openfile.. ) ( OpenURL. ) (_  OpenDB.. ) °

3 € Save... D

| ine

G|

Relation: iris Name: sepallengtf
Instances: 150 Attributes: 5 Missing: 0 (%)
Statistic

Type: Numeric
Unique: 9 (6%)

Value

No. Name Minimum
BT Maximum

i Mean
StdDev

Weka KnowledgeFlow Environment

[ evaluation fVisualization | Datasinks | Filters | Classifiers | DataSources |

n | o=

dataset ) %
>

testSet testSet
trainingset 5 0 trainingSet
> ———raninglety,

2 & -

cl

eEvaluator

ChClassifier

TextViewer

e

SRIC

Done.
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0080 Weka Knowledge Explorer

Waikato Environment for o T R ey ¢ r—"

Knowledge Ana'ysis € __openfile.. ) oOpentRL. ) oOpenDB.. )¢
“Nane

8086

come to the WEKA SimpleCLI

3 € Save... b}

Lands in the textfield at the bottom of
Use the up and down arrows to move

G|

Relation: iris Name: sepallengtf Type: Numeric
c -— Instances: 150 Attributes: 5 Missing: 0 (%) inct: 35 Unique: 9 (6%)
Statistic Value

java <classnare> <args:

brea . . . No: ~ Minimum 43
e University of Waikato " e A B,
exit 3peg StdDev 0.828

help <command>

New Zealand e

Visualize Al

eoe Weka Experiment Environment oo T —_—
[setup | Run | Analyse | [ evaluation fVisualization | Datasinks | Filters | Classifiers | DataSources | [E
Experiment Configuration Modie: ® Simple Advanced o
( Open... ) ( Save... ) New = % % @ *
Results D B 4
IDC database W -URL: | dhc Browsers o — G ST
Experiment Typ lteration Gontrol <nowledge Flow Lay
Cross-validation 1) || Number of repetiflfs: |10 GU' testSet testSet
Number of folds: 10 ® Data sets fij trainingSet 0 trainingSet )
r oo
@ Classification O Regression v
\ : - =
( Simple CLI ) ( Explorer )

JUsers /eibe/Doc
/Users /eibe/Docu
/Users /eibe/Dacumes

2
< datasets /UCH iris.arff ork -L 0.3 -M 0.2 -N 500 -V 0 -S0-E20 -H a

&

asets/UCI/glass.arff
sc c eEvaluator TextViewer

{ Experimenter )( KnowledgeFlow )

R

Done. ‘ Log
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The Knowledge Flow GUI

= New graphical user interface for WEKA

= Java-Beans-based interface for setting up and
running machine learning experiments

x Data sources, classifiers, etc. are beans and can
be connected graphically

= Data “flows” through components: e.g.,
“data source” -> *filter” -> “classifier” -> “evaluator”
= Layouts can be saved and loaded again later
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Weka KnowledgeFlow Environment

H Visualization l DataSinks l Filters [ Classifiers l DataSources ]

Lo ~ v
1

F 7

i

TrainTestSplitMaker JClasshAssigner ClassifierPerformanceEvaluator IncrementalflassifierEvaluator Predictisnfppender

e v
—~Knowledge Flow Layout
-
'
= b |
o Jale!
—Status
Done. Log




Weka KnowledgeFlow Environment

M Visualization I DataSinks I Filters [ Classifiers l DataSources

:—"'—: + y
S==
~ *
TrainTestSplitMaker JClasshAssigner ClassifierPerformanceEvaluator IncrementalflassifierEvaluator Predictisnfppender
14 “i»
—~Knowledge Flow Layout
T
-
'y
_,I.T
I /) Al
—Status
Done. Log




086 Weka KnowledgeFlow Environment

ﬂ l Evaluation l Visualization I DataSinks I Filters ' Classifiers M
=
G|

ArflLoader CEVLoader Cd5Lloader SerializedInstancesloader

B

—~Knowledge Flow Layout

ArffLoader

alr{

— Yalw!

—Status

Done. Log
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Weka KnowledgeFlow Environment

DataSinks l Filters [ Classifiers i—nw

ﬂ l Evaluation l Visualization
=
G|

ArflLoader

B

CESVLoader

Cd3loader

SerializedInstancesloader

—~Knowledge Flow Layout

ArffLoader

s
v
- === == = == = = = == = = = —— - ) Yalnl
—Status
Done. Log




Weka KnowledgeFlow Environment

[ Evaluation M DataSinks l Filters [ Classifiers l DataSources ]

E&R&Rﬁﬂﬁﬂﬁﬂﬁﬂﬁﬁﬁﬁﬁﬂ:-

A,
i
I!l!l:
N

{

Datavisualizear

ScatterrlotMatris

ACtributesSussiarizer

TextViawar

GraphViewar

StripChart

—~Knowledge Flow Layout

ArffLoader

DataVisualizer

v

Nalr]

—Status
Done.

Log




Weka KnowledgeFlow Environment

[ Evaluation M DataSinks l Filters [ Classifiers l DataSources ]

E&R&Rﬁﬂﬁﬂﬁﬂﬁﬂﬁﬁﬁﬁﬁﬂ:-

A,
i
I!l!l:
N

{

Datavisualizear

ScatterrlotMatris

ACtributesSussiarizer

TextViawar

GraphViewar

StripChart

—~Knowledge Flow Layout

DataVisualizer

v

Nalr]

—Status
Done.

Log




e a e Weka KnowledgeFlow Environment

[ Evaluation W DataSinks l Filters [ Classifiers l DataSources ]

A,
i
I!l!l:
N

{

Datavisualizear ScatterrlotMatris ACtributesSussiarizer TextViawar GraphViewer striplhart

B -

—~Knowledge Flow Layout

Edit
Delete
ArffLt configure...
Connections
instance
Actions
Start loading

DataVisualizer

vl

Yalr

—Status

Done. Log




Weka KnowledgeFlow Environment

[ Evaluation M DataSinks l Filters [ Classifiers l DataSources ]

E&R&Rﬁﬂﬁﬂﬁﬂﬁﬂﬁﬁﬁﬁﬁﬂ:-

A,
i
I!l!l:
N

{

Datavisualizear

ScatterrlotMatris

ACtributesSussiarizer

TextViawar

GraphViewar

StripChart

—~Knowledge Flow Layout

ArffLoader

DataVisualizer

v

Nalr]

—Status
Done.

Log
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[ Evaluation M DataSinks l Filters [ Classifiers l DataSources ]

E&R&Rﬁﬂﬁﬂﬁﬂﬁﬂﬁﬁﬁﬁﬁﬂ:-

A,
i
I!l!l:
N

{

Datavisualizear

ScatterrlotMatris

ACtributesSussiarizer

TextViawar

GraphViewar

StripChart

—~Knowledge Flow Layout

ArffLoader

dataSet

DataVisualizer

v

Nalr]

—Status
Done.

Log




600

Weka KnowledgeFlow Environment
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Conclusion: try it yourself!

= WEKA Is available at
http://www.cs.walkato.ac.nz/ml/weka

= Also has a list of projects based on WEKA
= WEKA contributors:

Abdelaziz Mahoui, Alexander K. Seewald, Ashraf M. Kibriya, Bernhard
Pfahringer , Brent Martin, Peter Flach, Eibe Frank ,Gabi Schmidberger
Jlan H. Witten , J. Lindgren, Janice Boughton, Jason Wells, Len Trigg,
Lucio de Souza Coelho, Malcolm Ware, Mark Hall ,Remco Bouckaert
Richard Kirkby, Shane Butler, Shane Legg, Stuart Inglis, Sylvain Roy,

Tony Voyle, Xin Xu, Yong Wang, Zhihai Wang
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