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Data mining and classification  UJd.es

"= Dr. Macarena Espinilla
— University of Jaén
— Spain
"= Research group
— Intelligent Systems Based on Fuzzy Decision Analysis

"= Research topics

— Soft computing techniques 2
— Decision making models SINBAD
+ Uncertainty context http://sinbad2.ujaen.es

* Linguistic information
— Applications

* Sensory evaluation MacarenaUja
 Sustainable energy evaluation

Yy

* Performance appraisal
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Tutorial Context UJd.es

": The final aim is to build an activity model in
order to classify activities based on the data
generated by a sensor

time

y O Activity transition
point
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Tutorial Context UJd.es

"= Session 1: Data collection. Shimmer sensor
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S = data source (sensor) u = raw/unprocessed data p = preprocessed data
S; = segment of data f(s;) = feature vector c; = class/label
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Tutorial Context UJd.es

"z Session 2: Processing data sensor. Feature matrix
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S = data source (sensor) u = raw/unprocessed data p = preprocessed data
S; = segment of data f(s;) = feature vector c; = class/label
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Tutorial Context UJd.es

"z Session 3: Build a classification model

S = data source (sensor) u = raw/unprocessed data p = preprocessed data
S; = segment of data f(s;) = feature vector c; = class/label
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Classification context UJd.es

"= Classification
— Data Mining technique
"= The classification task

— Build a classifier model to classify new objects.

— Given a dataset
* that contains a set examples with their classes

"= A type of supervised learning

— The real class of each example is used to build the
classifier model

": Multiple classifiers
— Set of rules
— Decision tree
— Neuronal network
— Etc.
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Example of classifier

UJd.es

| « o

= Dataset "= Decision Tree

: : Age<25?
ZE Family High Yes / \No
17 Sports High

_ Risk: High Sports Car?

43 Sports High

: Yes/ \ No
68 Family Low

Risk: High Risk: Low
32 Truck Low
20 Family High
Insurance Risk Evaluation
34 Family ?

Unseen class
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Example of classifier

"z Decision Tree

Age<25?

UJd.es

Yes / \No

“= Dataset
23 Family High
17 Sports High
43 Sports High
68 Family Low
32 Truck Low
20 Family High

Insurance Risk Evaluation

Risk: High Sports Car?
Yes/ \ No
Risk: High Risk: Low
34 Family Low
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Activity Recognition

UJd.es

"= In our case, feature matrix is the dataset

Acceleration (m/s?)
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-6.2041 -4.1083 1.9135 9.9164 Jumping

-6.1358 -3.854, 1.9593 9.797 Jumping

-4.0384 -8.1126 1.5507 1.7009 Walking
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Segment: 14 - Jumping

Time ()
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How is the activity model UJA. ec

evaluated?
23 Family High
23 Family High 17 Sports High
17 Sports High 43 Sports High
43 Sports High Classification 68 Family Low
68 Family Low Training Set
32 Truck Low Build the classifier model
20 Family High
pataset 32 Truck ? — Low
20 Family ? —High
Test Set

Compute the precision
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Evaluation measures

"= Different evaluation measures

UJd.es

— Precision - Corrected classified instance percentage

* The number of correct positive predictions divided by the
total number of positive predictions.

Kristina F 1.6m Short Medium
Jim M 2m Tall Medium
Maggie F 1.9m Medium Tall
Martha F 1.88m Medium Tall
Stephanie |F 1.7m Short Medium
Bob M 1.85m Medium Medium
Kathy F 1.6m Short Medium
Dave M 1.7m Short Medium
Worth M 2.2m Tall Tall
Steven M 2.1m Tall Tall
Debbie F 1.8m Medium Medium
Todd M 1.95m Medium Medium
Kim F 1.9m Medium Tall
Amy F 1.8m Medium Medium
Wynette F 1.75m Medium Medium

Precision= 7/15=0,46%
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Evaluation measures UJd.es

"= Different evaluation measures

— Precision - Corrected classified instance percentage

* The number of correct positive predictions divided by the
total number of positive predictions.

Kristina F 1.6m Short Medium 0 4 0
Jim M 2m Tall Medium 0 5 3
Maggie F 1.9m Medium Tall 0 1 2
Martha F 1.88m Medium Tall

Stephanie |F 1.7m Short Medium Confusion matrix
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Wynette F 1.75m Medium Medium
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Evaluation measures UJd.es
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Evaluation measure UJd.es
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Evaluation measure UJd.es

"= Different evaluation measure
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Evaluation measure UJad.es

"z Different evaluation methods

— 10 Cross Validation

* Dataset is split into 10 parts
* |terative process:

— From 1st part to 9th part are used to train the classification model
— The 10th part is used to assess the algorithm

2 3 Cross Validation

eParfitfion

*Train

eTest

B s
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Summary

“= Two stages

/' LEARNING

VALIDATION

18
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Weka

UJd.es

": Weka — Data mining software

— Machine learning algorithms

— Given a dataset

* Build a classifier model

* Evaluate the classifier model

@ Wk SULChocs: == e

Program ¥isualization Tools Help

2 WEKA

The University
of Waikato

l KnowledgeFlow J

‘Waikato Envircnment for Knowledge Analysis
Wersion 2.8.1 l Workbench J
{c) 1999 - 2016
The University of Waikato l Simple CLI J
Hamiltocn, New Zealand
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Weka UJd.es

": Weka has a specific format: arff

Erelation feature matrix FS3

nImeric
nImeric
americ
ImEFric
ImEFic
ImEFic
imEric
imEric

Eattribute
Eattribute
Eattribute
Eattribute
Battribute
Battribute
Eattribute
Eattribute
Battribute INimEric

Battribute numeric

Battribute 11 numeric

Eattribute 12 numeric

Gattribute 13 {1,2,3,4,5,¢c,7,8,59,10,11,12}

=1 i s La R

=D
i

Edata
-2.8735,-5.1443,1_.747,0.10548,0.10133,0.1073¢, -2 _.5823,-8_85%17,2.0¢€c8, -
3.178,-5.4535,1.47¢7,1

-2_8971,-9.1307,1.7251,0.13095, 0.10742, 0.1098&, -2 5602, -8 _842, 2_046,-
3.4133,-9.4541, 1.3498,1
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Weka

"z Classification

Open the dataset (feature matrix)

153 Weka Explorer

juster I Assodiate I Select attributes | \ﬂsua\ize|

UJd.es

X

Classifier
Test options Classifier output
(7 Use training set L
- TP Rate FP Rate Precision Recall F-Measure MCC ROC Area
() Supplied test set i 0,974 0,007 0,932 0,974 0,952 0,948 0,988
© Crossvalidation  Folds |10 0,948 0,005 0,948 a, :? 0,948 0,943 0,972
(0 Percentage split % |66 0, 7475é1bd£ 1hé aﬂajtésexifUEa
l More options. . I 0,575 0,042 0,571 0,575 0,573 0,531 0,808
0,643 0,028 0,692 0,643 0,667 0,638 0,846
0,959 0,005 0,946 0,959 0,953 0,948 0,980
(Nom) 13 - l 0,681 0,032 0,658 0,681 0,669 0,638 0,874
0,955 0,004 0,955 0,953 0,955 0,951 0,976
57 0,883 0,014 0,861 0,883 0,872 0,859 0,955
Result list (right-click for options) 0,889 0,013 0,872 0,889 0,880 0,868 0,947
19:12:52 - rules. ZeroR: 0,731 0,007 0,776 0,731 0,752 0,743 0,920
Weighted Zwg. 0,838 0,015 0,836 0,838 0,837 0,822 0,932
=== Confusion Matrix ===
a b c d e £ g h 1 J k¥ 1 <-- classified as
1 1 0 1 1 0 0 1 0 0 0 0 &a=1
2147 2 1 2 1 0 0 0 0 0 0l b=2
0 2147 0 0o o 1 0 1 0 0 0l c=3
21 1115 1% 5 1 &% 1 0 0 0| d=¢4
4 2 015 88 22 0 20 0 1 0 2| e=5
o 1 0 & 21 %2 2 20 1 0 0 01 f=4
o1 0 1 0 114 0 1 1 0 11 ag=7
1 0 0 7 2212 1 9% 3 0 0 0l h=28
2 0 0 0 1 1 1 1150 1 0 0] i=13
o0 0 0 0 0 0 0 0 0136 14 41 3j=10
g 0 0 0 0 0 0 0 0 13136 41| k=11
o o 0 0 0 0 2 0 0 & & 38| 1=12

FRC Area C(lass
0,932 1
0,935
tre rﬁatrlx)

0,439 5
1,567 g
1,897 7
0,528 ]
0,927 9
0,769 10
0,804 11
1,579 12
0,767

m

Status
OK
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Weka UJd.es

"= Classification
— Dataset (feature matrix)

& Weka Bxplorer

Preprocess | Classify | Cluster | Associate I Select attributes | V’lsuahze‘
[ Open fle... I I Open LRL... ] [ Open DB... ] I Generate... ] Undo [ Edit... I I Save... ]
Filter
Current relation Selected attribute
Relation: feature_ma eka. filters.unsupervised attribute. NumericToNominal-Rlast Attributes: 13 MName: 13 Type: Nominal
Instances: 1717 Sum of weights: 1717 Missing: 0 (0%) Distinct: 12 Unique: 0 (0%)
Attributes Mo. Label Count Weight
11 154 154.0 o
Al N Invert Pattem
I N\] [ I ] 22 155 1550 P
33 151 151.0
Na. | Name \ = 44 154 1540
L stances 153 153.0
22 1 GDEAEICC D 143 1430 L
EiE] 77 147 147.0 1
(] 88 144 144.0
3015 99 157 157.0
6|16 10]10 154 154.0
7017 1111 153 153.0 ]
Ll 12/12 52 5.0 2
9{s
1010 Class: 13 (Nom)
11711
1212
1 154 155 151 154 152
Remave
Status

OK
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Weka

"z Classification

— Dataset (feature matrix)

UJd.es

& Weka Bxplorer
Preprocess | Classify | Cluster | Associate I Select attributes | V’lsuahze‘
[ Open fle... Open LRL... Open DB... ] I Generate... ] Undo [ I I Save... ]
Filter
Current relation Selected attribute
Relation: feature_matrix_FS3-weka. filters.unsupervised. attribute. NumericToNominal-Rlast Attributes: 13 MName: 13 Type: Nominal
Instances: 1717 Sum of weights: 1717 Missing: 0 (0%) Distinct: 12 Unique: 0 (0%)
Attributes M. Label Count Weight
Al None ] [ Invert ] [ Pattern £ 154 1540 o
2|2 135 155.0
33 151 151.0
O e a4 154 1540
1 55 153 153.0
Ar)2 &/a _ 143 143.0 L
il Select the features 170
4+ SJOCICOCU BTG TCatTui Y 1440
s|Cls BE 157 157.0
6|16 10]10 154 154.0
7017 1111 153 153.0 ]
Ll 1212 52 520 2
ERE
i Class: 13 (Nom)
11711
1212

Remave

Status

151 154 153
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Weka UJd.es

"= Classification
— Dataset (feature matrix)

& Weka Bxplorer

Preprocess | Classify | Cluster | Associate I Select attributes | V’lsuahze‘
[ Open fle... I I Open LRL... ] [ Open DB... ] I Generate... ] Undo [ Edit... I I Save... ]
Filter
Current relation Selected attribute
Relation: feature_matrix_FS3-weka. filters.unsupervised. attribute. NumericToNominal-Rlast Attributes: 13 MName: 13 Type: Nominal
Instances: 1717 Sum of weights: 1717 Missing: 0 (0%) Distinct: 12 Unique: 0 (0%)
Attributes Mo. Label Count Weight
Al ] [ None ] [ Invert ] [ Pattern ] 11 154 1540 ik
2|2 135 155.0
33 151 151.0
s . a4 154 1540
<tEances ner c CQ 1530
1 SEALICCO MTI ¢ = 1= 1430 L
~ 77 147 147.0 1
8|8 144 1440
99 157 157.0
10 154 154.0
11[11 e 153 153.0 4
1212 |52 520 2
Class: 13 Hom - | \Visualize Al
—
154 158 - 154 152 i 154 15
143 & 164
53
Remave I
Status
OK Log ﬁ x0
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Weka UJd.es

": Classification = Activity Model

ter | Assodiate I Select attributes | 'ﬂsualizel

Select the classifier

Test options Classifier output

() Use fraining set
() Supplied test set Set...
(@ Cross-validation  Folds |10

(") Percentage split % |66

[ More options...

(Mom) 13

( Start ]

Result list (right-dick for options)
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Weka UJd.es

": Classification = Activity Model

Classify | Cluster | Assodiate | Select attributes | vit | euaize

[EEFERE—)

Classifier . —
. weka rMulLLplesJ;Iaslﬁ.es—f
EI | dassifiers ifier output

-- ., bayes
-- |, functions
" L lazy
-- . meta
-- |, misc
== | rules
---- # DedsionTablg
..... .., JR.'I:'
..... -
..... & OneR
‘ ( ..... ® PART
N 7 croR.
[ [ 1) trees
F

Close o
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Weka UJd.es

": Classification = Build the activity model

| Preprocessl Classify | Cluster I Assodiate | Select attributes I Wsualize|

Classifier

¢ Choose §348-C0.25-MZ

Test options Classifier output

() Use training set

g Cross-validation Foldls 1[] -‘ _ SEIect the type Of ValidatiOn

() Percentage split

[ More options... l

[ set | FTP- Run the algorithm
Result list (right-dlick for options

Status

oK wxo
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Weka UJd.es

": Classification = Build the activity model

| Preprocessl Classify | Cluster I Assodiate | Select attributes I Wsualize|

Classifier

¢ Choose §348-C0.25-MZ

Test options Classifier output

() Use training set

g Cross-validation Foldls 1[] -‘ _ SEIect the type Of ValidatiOn

() Percentage split

[ More options... l

[ set | FTP- Run the algorithm
Result list (right-dlick for options

Status

oK wxo
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Weka

¢ Weka Explorer

Cluster | Associate I Select attributes | 'u"lsualize|

UJd.es

": Classification = Evaluation of the activity model

Classifier

143 C0.25-M2

Test options

(71 Use training set

@ Cross-validation Folds |10

(") Percentage split % |66

Classifier output

(") Supplied test set Set...

[ More oplions...

(Mom) 13

Result list {right-dick for options)
11:00:35 - trees. J48

=== Stratified cross-wvalidation ==
=== Jummary ===

Correctly Classified Instances
Incorrectly Classified Instances
Kappa statistic

Mean absolute error

Root mean squared error
Eelatiwve abksoclute error

Root relative sguared error
Total Number of Instances

=== Detailed Accuracy By Class ===

438

2739
0.8221
0. nzg

83.7507 %
18.24593 %

0.1578
19.0703 %
57.222 %

1717

TP Rate FP Rate Precision BRecall
0,974 a,007 0,932 0,974
0,948 0,005 0,948 0,948
0,974 0,002 0,980 0,974
0,747 0,020 0,788 0,747
0,575 0,042 0,571 0,575
0,643 0,026 0,692 0,643
0,953 0,005 0,948 0,953
4 11

F-Measure MCC

0,952 0,942
0,948 0,943
0,977 0,975
0,767 0,745 |;|
0,573 0,531
0,867 0,638
0,953 0,948 .

<

Precision
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Weka UJd.es

": Classification = Evaluation of the activity model

9 Weka Explarer X
Preprooess‘ Classify ‘ Cluster I Associate I Select attributes | \ﬂsua\ize|
Classifier
J48-CD‘25-M2
Test options Classifier output
(7) Use training set L -
- TP Rate FP Rate Precision Recall F-Measure MCC ROC Arez PRC Area Class
() Supplied test set Set... 0,974 0,007 0,932 0,974 0,952 0,948 0,988 0,932 1
5 g 5 5
S ot 003 s Gs Gsk 0% 6 6 2
' ' P r
(0 Percentage split % |66 C&hfﬁs|0ﬁ?«1mairl)€m 0,912 1,715 1
l e 0,042 0,571 0,575 0,573 0,531 0,808 0,439 5
0,026 0,692 0,683 0,667 0,638 0,846 1,567 [
0,005 0,946 0,959 0,953 0,948 0,980 1,897 7
(Nom) 13 0,032 0,658 0,681 0,669 0,638 0,874 0,528 8
0,006 0,955 0,955 0,955 0,951 0,976 1,927 9
Stol
Stop 0,014 0,861 0,883 0,872 0,859 0,955 1,769 10
Result list (right-click for options) 0,013 0,872 0,889 0,880 0,868 0,947 0,804 11
19:12:52 - s, ZeroR 0,007 0,776 0,731 0,752 0,745 0,920 1,579 12
0,015 0,836 0,838 0,837 0,822 0,932 1,767
a b c d e £ g h 1 J k¥ 1 <-- classified as
s0 1 o0 1 1 o 0 1 0 0 0 0] &a=1
2147 2 1 2 1 0 0 0O 0 0 0l k=2
0 2147 0 0o o 1 0 1 0 0 0l c=3
2 1 1115 18 5 1 &% 1 0 0 o0 d=4¢4
4 2 015 88 212 o0 20 O 1 0 21| e=35
o 1 0 & 21 %2 2 20 1 0 0 01 f=4
a1 o 1 0 1141 0o 1 1 0 11 a=717
1 o o 7 22 12 1 % 3 0 0 0l h=28
2 0 0 0 1 1 1 1150 1 0 0] i=13
g 0 o 0o 0 0 0 0 013 14 4| 3j=10 |
a 0 o o0 0 0 0 0 0 1313 4| k=11
o o 0 0 0 0 2 0 0 & & 38| 1=12 E
i

Status
OK
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Weka UJd.es

"z Tutorial time!

ot goo. gl/JY7cN1
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