ROC curves

Data Mining Lab 5



Lab outline

 Remind what ROC curve is
* Generate ROC curves using WEKA
« Some usage of ROC curves



Point in ROC space

TRUE CLASS
YES NO
PREDICTED | YES | TP FP
CLASS
NO | FN TN
Total: P N

FP rate: FP/N
FN rate: FN/N

Classifier accuracy: (TP+TN)/(P+N)

TP rate: TP/P (recall)

TN rate: TN/P

TP
rate

»
»

FP rate

Shows how good is
classifier in discriminating
positive instances from the
negative ones



ROC curve of a probabillistic
classifier

Naive Bayes, for example, outputs
the probability of an instance in a
testing set to be classified as YES

Outlook Temp Windy | P(Y|E) Real
class
overcast mild yes 0.95 YES
rainy mild no 0.80 YES
rainy cool yes 0.60 NO
sunny mild no 0.45 YES
sunny cool no 0.40 NO
sunny hot no 0.35 NO
sunny hot yes 0.25 NO




ROC curve of a probabillistic
classifier

In a general case, we classify an
instance as YES if the probability is
more than 50%

Outlook Temp Windy | P(Y|E) Real
class
overcast mild yes 0.95 YES
rainy mild no 0.80 YES
rainy cool yes 0.60 NO
mild no 0.45 YES
cool no 0.40 NO
hot no 0.35 NO
hot yes 0.25 NO

Operating
threshold




ROC curve of a probabillistic
classifier

We compute the confusion matrix

TRUE CLASS Outlook | Tem | Windy | P(Y|E) | Predicted | Real
YES NO p class class
PREDICTED | YES 2(TP) [ 1(FP) overcast | mild | yes 0.95 YES
CLASS ) )
NO 1 (FN) | 3(TN) rainy mild | no 0.80 YES
Total: 3 (P) 4 (N) rainy cool | yes 0.60 YES
sunny mild | no 0.45 NO
sunn cool | no 0.40 NO
And the TP and FP rates: nny
sunny hot no 0.35 NO
TP rate: TP/P=2/3=~0.7 sunny _[hot jves [025 |[NO

FP rate: FP/N=1/4=0.25




ROC curve of a probabillistic
A classifier

TP A
rate 0

Outlook | Tem | Windy | P(Y|E) | Predicted | Real
p class class

overcast | mild | yes 0.95 YES
rainy mild | no 0.80 YES

. > rainy cool | yes 0.60 YES
T FP rate |sunny mild | no 0.45 NO

. . sunn cool | no 0.40 NO
This corresponds to point A Y

in a ROC space sunny hot no 0.35 NO
sunny hot yes 0.25 NO

FP rate; FP/N=1/4=0.25
TP rate: TP/P=2/3=0.7



ROC curve of a probabillistic
classifier

For different threshold values we get

™ different points in the ROC space

rate

Outlook | Tem | Windy | P(Y|E) | Predicted | Real
p class class

overcast | mild | yes 0.95 YES
rainy mild | no 0.80 YES

. > rainy cool | yes 0.60 YES
T FP rate |sunny mild | no 0.45 NO

sunny cool | no 0.40 NO
sunny hot no 0.35 NO
sunny hot yes 0.25 NO

FP rate;: FP/N=0/4=0
TP rate: TP/P=1/3=0.3



ROC curve of a probabillistic

TP
rate

»

T FP rate | sunny mild | no 045 | NO

FP rate;: FP/N=0/4=0
TP rate: TP/P=2/3=0.7

classifier

For different threshold values we get
different points in the ROC space

Outlook | Tem | Windy | P(Y|E) | Predicted | Real
p class class

overcast | mild | yes 0.95 YES
rainy mild | no 0.80 YES

rainy cool | yes 0.60 YES

sunny cool | no 0.40 NO
sunny hot no 0.35 NO
sunny hot yes 0.25 NO




ROC curve of a probabillistic
classifier

For different threshold values we get

™ different points in the ROC space
rate
Outlook | Tem | Windy | P(Y|E) | Predicted | Real
p class class
C overcast | mild | yes 0.95 YES
rainy mild | no 0.80 YES
> rainy cool | yes 0.60 YES

T FP rate | sunny mild | no 045 | NO

sunny cool | no 0.40 NO
sunny hot no 0.35 NO
sunny hot yes 0.25 NO

FP rate; FP/N=1/4=0.25
TP rate: TP/P=2/3=0.7



ROC curve of a probabillistic

»

1 FP rate

FP rate: FP/N=1/4=0.25
TP rate: TP/P=3/3=1.0, etc...

classifier

For different threshold values we get
different points in the ROC space

Outlook | Tem | Windy | P(Y|E) | Predicted | Real
p class class

overcast | mild | yes 0.95 YES

rainy mild | no 0.80 YES

rainy cool | yes 0.60 YES

sunny mild | no 0.45 YES

sunny cool | no 0.40 NO

sunny hot no 0.35 NO

sunny hot yes 0.25 NO




ROC curve of a probabillistic
classifier

1 FP rate

At the end we get the ROC curve
for Naive Bayes classifier



ROC curve of a probabillistic
classifier vs discrete classifier

1
TP
rate
1 FP rate T FP rate
ROC curve for Naive Bayes classifier ROC curve for Decision Tree classifier

(probabilistic) (discrete)



Lab outline

 Remind what ROC curve is
» Generate ROC curves using WEKA
« Some usage of ROC curves



Preparation

Step 1. Increase Java heap size

Step 2. Download input data file

{ P RunWeka.ini - Notepad
File ormat  Yiew Help

adult_income.arff

# Contains the commands for running weka either with a comma

# ("cmd_console") or without the command prompt "cmd_defaul | .
# one can also define custom commands, which can be used wit | |NtO your home d"'ectory
# launcher "Runweka.class". E.qg., to run the launcher with a

# "customl”, wou only need to specify a key "cmd_customl” wh

# command specification.

#

# MNOoTes:

# - This file is not a oos ini file, but a Java properties f

# - The settings listed here are key-value pairs, separated

#  key can onTly be T1isted ONCE.

#

# Author FracPete (fracpete at waikato dot ac dot nz)

# version $Revision: 1.3 §

# setups Cprefixed with "amd_ ")

cmd_default=javaw -Dfile.encoding=#fileEncodingd -=mx#maxhea
cmd_console=cmd. exe K start cmd.exe fk “"java -0file.encodir
cmd_explorer=javaw -0file.encoding=#fileEncoding® -=mxd#maxhe

# placeholders ("#bTa#" in command gets replaced with conter
# Note: "#wekajar#" gets replaced by the Tauncher class, sir
igded as parameter

p
maxheap=512m
he MDI
#gmainclass=weka.gui.main
# The GuIChooser
mainclass=weka.qgui.sUIChooser
# The fi1le encofdinn: n=se "1 f-8" dnstead nf "raol?52" o disrc




Comparing classifiers.
Knowledge flow

=+ Weka GUI Chooser E]@

Program Visualization Tools Help

Applications

'WEKA [ oo |

The University

of Waikato Expetimenter |
Wi aikabo Ervironment for Knowledge &nalysis kKnowledgeFlo
Version 3.6.0
[c] 1999 - 2005
The University of W ailk.ato Simple CLI

Harnilton, Mew Zealand




Knowledge flow tabs

ILTERS ’ EVALUATION ]

DATA
SOURCES CLASSIFIERS | VISUALIZATION |

= WekaqnowledgeF lowYznvirongF=2nt

r@ﬁ Datasources | Datasinks | Filkers | Classifiers | Clusterers | Associations | Evaluation | Yisualization
E . Datas
@ ‘ ¢ H ﬁ H ﬁ H A H ¢ H m ‘
: L g L
Artf a5 Cs Databaze Libs Shh Serialized
: Load Load Loader Load Load Instances Loader
£

Knowledge Flow Layouk




Loading the data

Click

> Weka Knowledgr.flow Environment

@ Datasources | DgftaSinks || Filkers || Classifiers || Cluskerers | Associations | Evaluation | Yisualization

N | & | A | &

Ca5 C5W Database Lib St
Loader Laader Loader Laader In

DataSougss

0 [

Knowledge Flow Layouk




Loading the data

~* Weka KnowledgeFlow Environment

r;e DﬂtﬂSDUFEES|DataSinks Filters | Classifiers | Clusterers | Associations | Evaluation || Wisualizakion

E . DataSources
&3 |

AR AR AR IAR-IK-

At Cda CEW Databaze Libr 5l Senialized T
Loader Laader Laader Loader Loader Instances Loader

<

Knowledoe Flow Layouk

Select file adult_income.arff

ArffLo Delete
Set name
Configure...

instance
data=et




Data file adult_income.arff

@relation adults

N —

o A~

N

8.

@attribute age numeric

@attribute workclass {Private, Self-emp-not-inc, Self-emp-inc, Federal-gov, Local-
gov, State-gov, Without-pay, Never-worked}

@attribute education real

@attribute marital_status {Married-civ-spouse, Divorced, Never-married, Separated,
Widowed, Married-spouse-absent, Married-AF-spouse}

@attribute occupation {Tech-support, Craft-repair, Other-service, Sales, Exec-
managerial, Prof-specialty, Handlers-cleaners, Machine-op-inspct, Adm-clerical,
Farming-fishing, Transport-moving, Priv-house-serv, Protective-serv, Armed-Forces}

@attribute sex {Male, Female}

@attribute native_country {United-States, Cambodia, England, Puerto-Rico, Canada,
Germany, Outlying-US(Guam-USVI-etc), India, Japan, Greece, South, China, Cuba,
Iran, Honduras, Philippines, Italy, Poland, Jamaica, Vietham, Mexico, Portugal,
Ireland, France, Dominican-Republic, Laos, Ecuador, Taiwan, Haiti, Columbia,
Hungary, Guatemala, Nicaragua, Scotland, Thailand, Yugoslavia, El-Salvador,
Trinadad&Tobago, Peru, Hong, Holand-Netherlands}

@attribute class {>50K, <=50K}

Data from US census



Attributes of interest:
age, education,
class (income >50 K: YES,NO)

1.
3.
last @attribute class {>50K, <=50K}

@attribute age numeric
@attribute education real

We remove all other attributes and
leave only attributes 1,3, last — for
simplicity

We build a classifier, which predicts
income based on age and education
level.

Numeric codes for
education levels
Doctorate,16
Prof-school, 15
Masters, 14
Bachelors, 13
Assoc-acdm, 12
Assoc-voc, 11
Some-college, 10
HS-grad, 9
11th, -7
12th, 8
10th, 6
Oth, 5
7th-8th, 4
5th-6th,3
1st-4th, 2
Preschool, 1




Remaoving attributes

> Weka KnowledgeFlow Er.vironment

r;; DataSources DataSinks| Fi|tEf5|CIassiFiers Clusteregd Associations || Evaluation | Yisualization

= < N
NN EN EARA YN ENENE N ENEE
& r‘J ‘ G ‘ Cep ol ) Ciet ‘ | e ml = ]
ndom Random REL Remuowe Remowe Replace String
jection Subset AGGE Femowe Type Useless Feorder hi==zinghalues Standardize TaMominal
£

Knowledge Flow Layouk

L AREF
-,

Arff Loader




Removing attributes

»* Weka KnowledgeFlow Environment

r;; DataSources DataSinks| Fi|tEf5|CIassiFiers Clusterers | Associations || Evaluation | Yisualization

@ﬁﬁ“ﬁj“m&j‘ﬁ‘@“ﬁ‘@‘% 4"’%“5:53

ndom Random REL Remuowe Remowe Replace
jection Subset AGGE Femowe Type Useless Feorder hi==zinghalues
£

Knowledge Flow Layouk

i

Remowe
L AREF

*,

Arff Loader




Removing attributes

~* Weka KnowledgeF low Environment

r;\;ﬁ DataSources DataSinks| Fi|tEr5|CIassiFiers Cluskerers | Associations || Evaluation | Visualization

ndam Random REL Remowe Remuowe
jection Subset PGEGE Femowe Type Uselazs Feorder

£

Knowledge Flow Layouk

’z'_::';‘ii.,

==

l Delete

Rerr

4 Zet name
-ARFF

-y Configure...

Arff Loader




Removing attributes

weka, filkers, unsupervised, attribute, Remove

Abouk

Aninstance filter that removes a range of attributes fram the
Type—
b

—

attributeIndices | 1,3,last| |

invertSeIectinr( True\ |

Qpern. .. ] [ Save... ] [ (4 * ] [ Cancel ]

Means remove all except attributes 1,3,last



Visualize data

»* Weka KnowledgeFlow Environment

@ DataSources || DataSinks | Filkers || Classifiers || Cluskerers || Associations || Evalyd in:-n| "J'iS'-la'iEatiﬂl'l|

E : Wisualization
& |:

fa T {3 & &

Data Scatter Pttnl:-l.rte futadel Text
‘wsualizer Plathatrix Summarizer Performance Chart “emear

<

Knowledge Flow Layouk

Remowe

Arff Loader




Visualize data

»* Weka KnowledgeFlow Environment
I
=

DataSources | DataSinks || Filkers || Classifiers | Clusterers || Associations Evaluatin:-n| "J'i5U~3|i23tiDI'l|

<

YWisualizakion
\E {a {d 72\ {4
Data Scatter Atrbute hiodel Text
‘wsualizer Plathatrix Summarizer Performance Chart “emear

o9

Knowledge Flow Layouk

/

Arff Loader

Pitribute
Summarizer



Connect the flow

~* Weka KnowledgeF low Environment

r;\;ﬁ DataSources | DataSinks || Filkers || Classifiers || Clusterers | Associations Evaluatiu:un| "J'i5U~3|i2~3ti'2'l‘I|

HEI : Yisualization
&

et fa o} 7 &

Oata Seatter Atribute Tutadel Text
‘=ualizer Plaothatrix Summarizer Performance Chart “ewear

<

Knowledge Flow Layouk

I

Atribute

F | Remowe Summarizer

L

-
Delete

Al

Zet name
Configure...
instance
data=et
Start loading




Connect the flow:
from data loader to attribute remover

»* Weka KnowledgeFlow Environment

r;; DataSources | DataSinks || Filkers || Classifiers | Clusterers || Associations Evaluatin:-n| "J'i5U~3|i23tiDI'l|

E : Wisualization
&

I N O

Data Scatter FAtribute futadel
‘wsualizer Plathatrix Summarizer Performance Chart




Connect the flow:
from attribute remover to summarizer

»* Weka KnowledgeFlow Environment

r;; DataSources | DataSinks || Filkers || Classifiers | Clusterers || Associations Evaluatin:-n| "J'i5U~3|i23tiDI'l|

E : Wisualization




Start data flow

~* Weka KnowledgeF low Environment

L
=
=

DataSources | DataSinks || Filkers || Classifiers || Clusterers | Associations Evaluatiu:un| "J'i5U~3|i2~3ti'2'l‘I|

<
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Knowledge Flow Layouk

Delete
Zet name

Configure...

dataSet

Start loading

L

Atribute
Remove Summarizer




Visualize the data

~* Weka KnowledgeF low Environment

r;?e DataSources | DataSinks || Filkers || Classifiers || Clusterers | Associations Evaluatiu:un| "J'i5U~3|i2~3ti'2'l‘I|

HEI Yisualization
a | @& et 3 @& &

Oata Seatter Atribute Tutadel Text
‘=ualizer Plaothatrix Summarizer Performance Chart “ewear

<

1 Knowledge Flow Layouk

R

Set '
At Delete
Remowe Sum

Showy summaries

Arff Loader




Visualize the data

education

||IIH|
I T
1 2.5




Assigning the class

~* Weka KnowledgeFlow Environment

|_§§+e DataSources | Dakasinks || Filkers | Classifiers | Clusterers .ﬁ.ssuciatinns| Ewaluation |'-.-'i5ua|izati|:|n

3 wealuation
=N aE -
ol [@ea[a]efE)E] D

Training TestSet Crosshvalidation TrainTest Instance Strea Class Class\alue Classifier
: Sethgler luker Faldhiker Splithaker ToBatchhiaher FPesigner Picker Performance Eval
4

Knowledge Flow Layout

Atribute
Summarizer

=

ClassA==igner

Remowe

o

Arffloader




Configuring class assigner

~* Weka KnowledgeFlow Environment

|_Q1 DataSources | Dakasinks || Filkers | Classifiers | Clusterers .ﬁ.ssuciatinns| Ewaluation |'-.-'i5ua|izati|:|n

é Exaluation
I IR IR IR

ey S alue Classifier
|'—_”EHZ| er Performance Ewal

ClassAssignerCustomizer
About

Designate whi nlumnis to he considered the class

rrlime i LN

Knowledge Flg

classCohfnn | lask |

1=

Sat T
: Attribute
I | Summarizer
S‘vﬁmr: =
b Remowve dataSet
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S

ClassA==igner




Subdivision of the dataset into
“learning” and “test” set

»* Weka KnowledgeFlow Environment

r;; DataSources || DataSinks | Filkers | Classifiers | Clusterers | Associations | Evaluation | visualization

B © Ewaluation
é 1'_"th ‘-_‘Etn ‘-—‘Etp ‘r‘!t. 1.—‘!':,. 1.—?'—,, F‘ﬁi@ ?:BT
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Training TestSet Crosshalidatio TrainTest stance Stream Class Class'Jalue Classifier Inzremental
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Subdivision of the dataset into
“learning” and “test” set

»* Weka KnowledgeFlow Environment

r:\;ﬁ DataSources | DataSinks | Filkers | Classifiers | Clusterers | Associations | Evaluation | visualization

B Evaluation
EYPENEYN N Y YN
= ars o e | ‘ded adz ¢ =T F
Training TestSet Crosshalidation TrainTest Instance $tream Class= Clas='Jalue Clas
Sethglier luker Faldhiker Splithakier ToBatchhiaher Fesigner Picker Performan

<

Knowledge Flow Layout

Set
1;3‘ Atribute
Summarizer
- L
“ARFF .
gl '
: Remowve dataset

PrifLoader

TrainTest
plithdaler

b
S

Classf==igner

We want to build our
prediction model on the 70%
of the whole dataset,

and compute the
ROC curve on the remaining.

So, we set the TRAINTEST
SPLIT MAKER
(EVALUATION) in

the diagram and configure its
parameters.

TrainTestSplitMakerCustomizer

Abouk

Split an incoming data set into separate train and test sets.

seed |1

krainPercent ?EI|




Choosing discrete classifier —
decision tree

> Weka KnowledgeFlow Enviroy'ment

|_Qi DataSources | DakaSinks Filters| Classifiers | Clusterers | Associations || Evaluation | Yisualizatiog
E frees
g it it il il it H_" *“
) ' 4% A% i % 427 d =) 4.0
ﬁ 'ADI W‘I 'ﬂ“f '?F‘f 'FPI 'FPI e o uuurr
dyper b Senalized A0 BF Decizion
Pipes Extension OLhA osoL Classifier WF| Tree Tree Stump
£
Knowledge Flow Layout
-
il 45
b LR
Q . 5= ]
Set . '
_ Jag
i Atribute
Summarizer
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L-AREF =% 4 l‘)
! Remove data fet X
#ritloader e -
TrainTest
; |L> Splitheglier
Classf==igner




Connecting classifier to the data

»* Weka KnowledgeFlow Environment

r:\;ﬁ DataSources || DataSinks | Filkers | Classifiers | Clusterers | Associations | Evaluation | Yisualization

frees
B e (o it (e it i u Cladinegy - Cladeiney
@ ':"'9°| 1'-".@,' 4% | % | 1% | 4% | '1."':,'..::1' 1 | 'L: F;‘L 1 '.'_'._.I
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Pipes Extension OLhA osoL Classifier WF| Tree Tree Stun)
. We set J48 |
Knowledge Flow Layout com pOnent N the
diagram,
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fﬁ ‘%% | the TRAIN TEST
Q) 7= o | SPLIT MAKER to this
%A Jnbure new component:
5 I b .
76 = (2.9 ‘cﬁ" twice because we
¢ — i Jreai) must use together the
erffloader =i _ .
Tetest tralnlng and the test
(=3 set which are
Classf==igner prOduced by the
same component.




Adding visualizer to see
the classification results

»* Weka KnowledgeFlow Environment
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Perform classification

~* Weka KnowledgeFlow Environment
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Show classification results
(decision tree)

B Weka Classifier Tree Visualizer: 23:03:21 - Set 1 (adults-weka. filters. unsupervised. attribute. Remove-V-R1,3 la. .. [= |[E]X]
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Classifier evaluation

»* Weka KnowledgeFlow Environment
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Connecting classifier to the
evaluator

»* Weka KnowledgeFlow Environment
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Selecting performance model: chart

~* Weka KnowledgeFlow Environment
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Running the model

~* Weka KnowledgeF low Environment
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View ROC curve

B Model Performance Chart
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Adding Nalve Bayes classifier

~* Weka KnowledgeFlow Environme at
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Adding separate performance
evaluator for Nalve Bayes classifier
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Connecting second performance evaluator
to the same Model Performance Chart
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Run both classifiers
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View ROC curves for both
classifiers
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Lab outline

 Remind what ROC curve is
* Generate ROC curves using WEKA
 Some usage of ROC curves



Compare classifiers using their ROC curves

B Model Performance Chart
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How good is the classifier

Plot: adults-weka, filkers, unsupervised, attribute, Remove-v-R 1,3, last

The area under the
ROC curve shows
the quality of a
classifier — not
accuracy, but the
ability to separate
between positive
and negative
instances.

1

0.5

What classifier is
better?




Choosing the Operating Point

Model Performance Chart

%1 False Pasitive Rate (Mum) % || ¥ True Positive Rate (Mum)
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Usually a classifier is used at
a particular sensitivity, or at a
particular threshold. The ROC
curve can be used to choose
the best operating point. The
best operating point might be
chosen so that the classifier
gives the best trade off
between the costs of failing to
detect positives against the
costs of raising false alarms.
These costs need not be
equal, however this is a
common assumption.

The best place to operate the
classifier is the point on its
ROC which lies on a 45
degree line closest to the
north-west corner (0,1) of the
ROC plot.




Cost sensitive operating points

Plok: adulks-weka, Filkers . unsupervised. attribute . Remowve-Y-R1, 3, lask IS th|s th reshold
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Cost sensitive operating points

Plok: adulks-weka, Filkers . unsupervised. attribute . Remowve-Y-R1, 3, lask IS thls th reshold
B B good :
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detection?
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Conclusions

« WEKA is a powerful datamining tool, but is not
very easy to use

The University
of Waikato

bl

* There are other open source data mining tools,
which are easier to use:
— Orange:
 http://www.ailab.si/orange

— Tanagra:
o http://eric.univ-lyon?2.fr/~ricco/tanagra/en/tanagra.html



http://www.ailab.si/orange
http://eric.univ-lyon2.fr/~ricco/tanagra/en/tanagra.html
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