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Clustering

Clustering belongs to a group of techniques of unsupervised
learning. It enables grouping instances into groups, where we know
which are the possible groups in advance.

These groups are called clusters.

As the result of clustering each instance is being added a new
attribute — the cluster to which it belongs. The clustering 1s said to be
successful if the final clusters make sense, if they could be given
meaningful names.




K-Means algorithm in Weka

FisherslrisDataset.arff

Classify = Cluster | Associate = Select attributes | Visualize |
[ Open file... ] \ Open URL... [ | Open DB... [ | Generate... \ Undo \ Edit... [ | Save... \
rFilter
| Choose | None | Apply |
[ Current relation Selected attribute
Relation: FisherslrisDataset-weka.filters.unsupervised.attribute.Remove-R1 Name: Sepal Length Type: Numeric
| Instances: 150 Attributes: 5 Missing: 0 (0%) Distinct: 35 Unique: 9 (6%)
[ Attributes Statistic Value
Minimum 4.3
[ All [ | None [ | Invert [ | Pattern ||| Maximum 7.9
Mean 5.843
No. Name StdDev 0.828
| 1/@Sepal Length
2| |Sepal Width

3| _|Petal Length
4/|_|Petal Width
5| ISpecies

| Class: Species (Nom)

Visualize All |

A
v

34

[ Remove

Status
OK




Choosing the clustering algorithm

—
| Preprocess CIassifleAssociate Select attributes

Clusterer ,
i weka sre.EuclideanDistance -R first-last" -1t 10
4 ¥ [] clusterers .
. ) — Clusterer output Cluster tab
| Cobweb
"/ DBSCAN
Y EM
" FarthestFirst

| FilteredClusterer

| HierarchicalClusterer

| MakeDensityBasedClusterer
] OPTICS

| BllsimplekMeans |}

We choose the [
SimpleKMeans
algorithm

. Close




Parameter settings

numClusters — the number of desired clusters;
we set 1t to 3 because we have 3 kinds

displayStdDevs — 1f Clusterer

Choose i 2 N3 -A " ' ' -R first-last" -| §
true’ the Standard \ | SimpleKMeans -V -N 3 -A "weka.core.EuclideanDistance -R first-last" -| &

d . . 11 b Cluster modEl e OO0 weka.gui.GenericObjectEditor
eVlatlon W1 € D U .. weka.clusterers.SimpleKMeans
. () Use traini
displayed " o [About
() Supplied t i i
Cluster data using the k means algorithm. Y |
() Percentag |
- Capabilities
() Classes t¢ —
u.\om)g
. displayStdDevs | True D
v/ Store clus
. distanceFunction | Choose | EyuclideanDistance -R first-Iz
\
dontReplaceMissingValues | False =
\ Start v
Result list (rig| maxIterations 500
numClusters '3
preservelnstancesOrder | False v
seed 10
Open... Save... OK Cancel




Running the Clustering

~Clusterer

—— I Clustering over the
| Choose |‘S|mpIeKMean

imported data

ance -R first-last" | 500 -5 10

~Cluster mode 1 ¢
'3' Use training set === Run information ===
(_) Supplied test set Set... Scheme:weka.clusterers.SimplekKMeans -V -N 3 -A "weka.core.Euc
_ . — Relation: FishersIrisDataset-weka.filters.unsupervised.at
() Percentage split % |66 Instances: 150

Attributes: 5

() Classes to clusters evaluation Sepal Length

(Nom) Species = Sepal Width
Petal Length
Ig Store clusters for visualization Petal Width
Ignored:

Species
Test mode:evaluate on training data

\ Ignore attributes

\ Start | Srad === Model and evaluation on training set ===
~Result list (right-click for options) We |gn0re

15:07:08 - SimpleKMeans the Species

.8 O O Select items attribute of iterations: 6

Sepal Length Within cluster sum of squared errors: 6.982216473785234
Sepal wWidth Missing values globally replaced with mean/mode

Petal Length

Cluster centroids:

Petal Width Cluster#
Attribute Full Data 0 1 2
(150) (61) (50) (39)
Sepal Length 5.8433 5.8885 5.006 6.8462

+/-0.8281 +/-0.4487 +/-0.3525 +/-0.5025

Pattern

| Select |

Senal Width _ARTR 2.7377 428 2.0AR21



Results of Clustering

Cluster mode Clusterer output
@ Use training set kMeans
() Supplied test set Set...
() pr———tm——ta or leg Number of iterations: 6
- . Within cluster sum of squared errors: 6.982216473785234
Q Centr'OldS Of eac Missing values globally replaced with mean/mode
cluster and their Cluster centroids:
@ 0 Ao Cluster#
standard deviations Attribute Full Data 1 2
' (150) (61) (50) (39)
| Ignore attributes |
Sepal Length 5.8433 5.8885 5.006 6.8462
+/-0.8281 +/-0.4487 +/-0.3525 +/-0.5025
| Start | Stop
o } ) Sepal Width 3.0573 2.7377 3.428 3.0821
~Result list (right-click for options) ‘ +/-0.4359 +/-0.2934 +/-0.3791 +/-0.2799
15:07:08 - SimpleKMeans
Petal Length 3.758 4.3967 1.462 5.7026
+/=1.7653 +/-0.5269 +/-0.1737 +/-0.5194
Petal Width 1.1993 1.418 0.246 2.0795
+/-0.7622 +/-0.2723 +/-0.1054 +/-0.2811

Time taken to build model (full training data) : 0.04 seconds

Number of
instances in === Model and evaluation on training set ===
each C|uster Clustered Instances
o 61 ( 41%)
1 50 ( 33%)

2 39 ( 26%)




Evaluation of Results

Cluster mode
() Use training set

() Supplied test set Set...
() Percentage split 66
(®) Classes to clusters evaluation I

| (Nom) Species =

@] Store clusters for visualization

\ Ignore attributes \

\ Start | Stop

Result list (right-click for options)

Clusterer output

15:07:08 - SimpleKMeans

15:20:38 - SimpleKMeans

Names of classes
which are given to
clusters

3.428
Select the attribute which 1.3791
we want to compare the 1.4
. ).1737

results with.
Fetat wiaun 1.1995 1.4106 0.246
+/-0.7622 +/-0.2723 +/-0.1054

Time taken to build model (full training data)
=== Model and evaluation on training set ===

Clustered Instances

0 61 ( 41%)
1 50 ( 33%)
2 39 ( 26%)

Class attribute: Species
Classes to Clusters:

@ 1 2 <-- assigned to cluster
0 50 0 | setosa

47 0 3 | versicolor

14 0 36 | virginica

Cluster @ <—- versicolor
Cluster 1 <-- setosa
Cluster 2 <-- virginica

Incorrectly clustered instances : 17.0

1 0.02

3.0821
.2799

5.7026
+/-0.5194

2.0795
+/-0.2811

seconds

Which classes are in

which clusters

11.3333 %




Visualization of Clusters

. N I
™ store clusters for visualization J| ® O O Weka Clusterer Visualize: 15:20:38 - SimpleKMeans (Fisherslr

\ Ignore attributes J | X: Petal Length (Num) +| | Y:Petal Width (!
| Colour: Cluster (Nom) +| | Select Instance
- san Right click
I CliCc : )
Result list (right-click fu, g.,..,, Reset | Clear | | Open || save | Jitter (=
15:07:08

- SimpleKMear:s
mpie s edll

(PIot:FisherslrisDataset—weka.fiIters.unsupervised.attribute.Remove—Rl_
View in main window

View in separate window Visual
Save result buffer representation m
Delete result buffer of clusters -
O

Load model x xxx OO0

X X X[X [m}
Save model ) X KH KK KKK
Re-evaluate model on current test set X o

X X X XX

Visualize cluster assignments
Visualize tree

~Class colour

cluster® clusterl

Fatiic



Was clustering successful?

Within cluster sum of squared error gives us the assessment of quality

Cluster mode Clusterer output

( ) Use training set
- g kMeans

It is being counted as the
sum of square differences
between the value of the
attribute of each instance
and the value of the

Number of iterations: 6
(Within cluster sum of squared errors: 6.982216473785234 |
Missing values globally replaced with mean/mode

Cluster centroids:

. . Cluster#
centroid of the given Attribute Full Data 0 1 2
attribute (150) (61) (50) (39)
‘ Ignore dawunipuies
Sepal Length 5.8433 5.8885 5.006 6.8462
+/-0.8281 +/-0.4487 ~/-0.777" T
| Start ‘ Stop | Attribute
) ) ) ) Sepal Width 3.0573 2.7377
Result list (right-click for options) +/-0.4359 +/-08.293a +/-g, values for the
15:07:08 - SimpleKMeans centroids
15:20:38 - SimpleKMeans Petal Length 3.758 4.3967 1
+/=1.7653 +/-0.5269 +/-0.7 .. +/-0.5194
Petal Width 1.1993 1.418 0.246 2.0795
+/-0.7622 +/-0.2723 +/-0.1054 +/-0.2811




How to figure out the number of clusters?
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Using Clusters for Classification

Classify = Cluster = Associate @ Select attributes
| Open file... | | Open URL... | | Open DB... | | Generate... \ Undo
Filter '
] weka EnpleKMeans -N 2 -A\"weka.core.EuclideanDistance -R first-lasty"
1V . ﬁlfe;s"Fllt ~Selected attribute
~ '. gr 2.Remove-R1 Name: Sepal Length
_ MultiFilter AddCluster - our

» [ supervised
¥ [ unsupervised

¥ [ attribute
© Add
i AddCluster
| AddExpression
7 AddID
" AddNoise
~ AddValues
Center
ChangeDateFormat
ClassAssigner
ClusterMembership
Copy
Discretize
" FirstOrder
InterquartileRange

choice of the filter

Missing: 0 (0%)

Statistic
Minimum
Invert || Pattern ||| Maximum
Mean
StdDev
Setting no class
| No class

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

34




Using Clusters for Classification

Filter

. Choose | AddCluster —Vi "weka.clusterers.SimpleKMeans -V -N 3 -A \"weka.core.EuclideanDistance -R first-last}" -

Current relatié weka.gui.CenericObjectEditor e OO0 weka.gui.GenericObject
Relz ibute.AddCluster weka.clusterers.SimpleKMeans
Ins'ta _ We choose the R
il SlmpIeKMeans _aS the il attribute representing ‘—— Cluster data using the k means algorithm.
‘, clustering algorithm  stance by the specified '
AN : - - G
No. N —
1L )54 | | ch s displayStdDevs | T
2( |sa clusterer oose | SimpleKMeans +V isplayStdDevs rue
3(_IPe : A R
4| |Pe|ignoredAttributelndices |5 distanceFunction | Choose | Ey
5 ISp B
| Open.. | Save.. | | oK | 5 dontReplaceMissingValues | False
. maxlterations | 500
In terms of clustering,
we ignore the attribute numClusters |3

5 (Species)

preservelnstancesOrder | False

seed ‘10

. Open... || Save... \

(]




Using Clusters for Classification

Classify | Cluster = Associate = Select attributes | Visualize |

\ Open file... [ | Open URL... [ | Open DB... [ | Generate... [ | Undo [ | Edit... [ | Save... |
rFilter .
| Choose | AddCluster - "weka.clusterers.SimpleKMeans -V -N 3 -A \"weka.core.EuclideanDistance -R first-lasty" -1 500 -5 10" -1 5 | Apply |
Current relation | Selected attribute
Relation: FisherslrisDataset-weka.filters.unsupervised.attribute.Remove-R1-wek... Name: cluster Type: Nominal
Instances: 150 Attributes: 6 || Missing: 0 (0%) Distinct: 3 Unique: 0 (0%)
rAttributes || No. Label Count
1 clusterl 61
| All [ | None [ | Invert [ | Pattern | 2 cluster2 50
3 cluster3 39
No. Name
1| |Sepal Length
2| |Sepal Width
3| |Petal Length
4| |Petal Width
I ——
| Class: cluster (Nom) +| | Visualize All |

After the filter is being
applied (Apply) we add the
new attribute by the name
of cluster

Remove




Using Clusters for Classification

~Attributes -
| All || None | Invert || Pattern
No. Name
1| |Sepal Length
2| |Sepal Width
3| |Petal Length
4|_|Petal Width Optional: this attribute
| S[CSpecies | 1
can be removed before
6! cluster . .
we create a classification
model

Remove




Using Clusters for Classification

Classifier

| Choose ||NaiveBayes

Test options
(¢) Use training set

) Supplied test set Set...
) Cross-validation Folds |10
) Percentage split % |66

\ More options...

| (Nom) cluster

Stop

Start

Result list (right-click for options)
16:18:49 - bayes.NaiveBayes

| Preprocess m Cluster = Associate = Select attributes = Visualize |

We use the
. NaiveBayes
classifier

Pe.

mean 1.4108 0.2766 2.0806

std. dev. 0.2837 0.1074 0.2717

weight sum 61 50 39

precision 0.1143 0.1143 0.1143

We do the
Time +=* . .
classification

=== Evaluax .
==swmary  gccording to
Correctly C the cluster 98.6667 %
Incorrectly tt 't) t 1.3333 %
Kappa stati. 4.9796
Mean absolute civur attribute 0.0206
Root mean squared error 0.0851
Relative absolute error 4.7192 %
Root relative squared error 18.209 3
Total Number of Instances 150

=== Detailed Accuracy By Class ===

TP Rate FP Rate Precision Recall F-Measure ROC Area C(lass

1 0.022 0.968 clusterl
1 0 1 cluster2
0.949 0 1 H cluster3
Weighted Avg. 0.987 0.009 0.987 1-r]€3 (:()r]fLJSSIC)r]
=== (Confusion Matrix === rT]Eitr|)(
a b ¢ < classified as |
61 0 0 | a = clusterl
050 0| b=cluster2
2 037 | c=cluster3




Expectation Maximization (EM)

The EM algorithm consists of 2 key steps:

 E (expectation) step — calculation of the cluster probabilities; in
this step we assume that we know the values of all the model
parameters;

« M (maximization) step — calculation of the model parameters;
we aim to “maximize” the likelihood of the model given the
available data

These steps are repeated until the algorithm starts to converge




Expectation Maximization (EM)

To solve the described problem, we can apply a procedure similar to
the one used for the K means algorithm:

1. start by defining the number of clusters (k) and randomly
choosing the model parameters (¢, 04, p;, 1 =1,k)

2. for the given parameter values, compute, for each instance, the
probability of belonging to each of the k clusters

3. use the computed probabilities to re-estimate the parameter
values

Repeat steps 2) and 3) until the parameter values start to converge




Using EM 1n Weka

‘® 006

Weka Explorer

| Preprocess | Classify m Associate | Select attributes

Visualize |

Clusterer

|_Choose | EM -1 100 -N -1 -M 1.0E-6 -S 100

Cluster mode
(e) Use training set

() Supplied test set Set...
() Percentage split % 66

() Classes to clusters evaluation

(Nom) Species -

@ Store clusters for visualization

Ignore attributes

Start | Stop

Result list (right-click for options)

Clusterer o

Choosing EM
algorithm

Status
OK

| Log | WXO




Ignoring Class Attribute

76 0.6 Select items

Petal Length
Petal Width
Species

| Select | | Pattern | | Cancel

Classes to clusters evaluation

(Nom) Species

4pr

V/ Store clusters for visualization

Sepal Length ify Clust
Sepal Width

| Ignore attributes

Ignoring
Species
attribute
1 Selecting which
' attributes to ignore

| Start | Stop

during the clustering
process

~Result list (right-click for options)




Recommendations and credits

Weka Tutorials and Assignments (@ The Technology Forge

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




(Anonymous) survey for your
comments and suggestions:




ANY QUESTIONS?

UROS KRCADINAC
EMAIL:
URL:




