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Imagine

You as Quality Manager
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Imagine

» 30,000 ¢
» ~ 55 mi

asses
llon lines of code

» ~3000 defect per release

» /00 developers

You as Quality Manager Your product
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Your Boss

Test the system!
You have 6 months, $500,000.
And don't miss any bug!
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The Problem

» Not enough time to test everything
» What to test! What to test first?

» Not enough money to pay enough testers
» To which extend?

Central question:

Where are the most defect prone entities in my system!?
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Your lesters
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We need efficiency!
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We need efficiency!
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We need efficiency!

%lﬂ’ﬂ

optimum

test intensity
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Can we learn from history?

... to predict or estimate the future?




data mining
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What is data mining?

Data mining is the process of discovering
actionable information from large sets of data.
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The Mining Model

Preparing

Exploring
data

Deploying
and updating
models

\/iolating BUIldlﬂg
models models
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http://technet.microsoft.com/en-us/library/ms174949.aspx
http://technet.microsoft.com/en-us/library/ms174949.aspx

Step 1: Defining Problem

» Clearly define the problem
» What are you looking for?
» Scope of problem
» Types of relationships

» Define how to evaluate
» Prediction, recommendation

or just patterns
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Defect Prediction Problem

Step I: Define the problem

Which source code entities
should we test most?
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Defect Prediction Problem

Step I: Define the problem




Defect Prediction Problem

Step I: Define the problem




Defect Prediction Problem

Step I: Define the problem




Data Sources

Step 2: Prepare Data

Bug Database

Ver'sin Archive

Sourc Code
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Data Sources

Step 2: Prepare Data

Bug Database \ =
=l past defect
‘ per entity

Ver'sin Archive

Sourc Code
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Data Sources

Step 2: Prepare Data

] ﬂ past defect

per entity

- source code
properties
(metrics)
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Data Sources: Heuristics

» B . k ﬂ past defect
= 1k per entity

Ver'sin Archive
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Data Sources: Metrics

» Complicity metrics

» McCabe, Fanln, FanOut, Couplings
» (see Lecture "Metrics and Estimation”)

source code
properties
(metrics)

» Time metrics -]

Source Code

» How many changes
» How many different authors
» Age of code
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Data Sources

] k ﬂ past defect

per entity

e (7 . = source code
Source Code M= (metrics)
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Step 2: Prepare Data

» Highly distributed data:

» Version repository, bug data
base, time trackers, ...

» Data integration T
» Excel, CSV, SOQL, ARFF ...

» Data cleaning

» missing values, noise, inter-
correlations
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Example Mining File

Package Name bugs No. Methods CCV LCOM ICC MAXCC AVCC NOS HEFF JwCs

org.jrudy.compiler ASTCompliler 0 278 605 1 605 92 2.18 1574 424794.18 275
org.jruby.compiler ASTCompilersOpElementAsgnArgumentsCaliback 0 3 6 0 6 3 2 21 3552.03 -
org.jruby.compiler ASTCompilersSpecificArityArguments 6 3 7 0.5 7 = 2.33 22 2660.286 5
org.jruby.compiler ASTCompilersVariableArityArguments 0 3 3 0.5 3 1 1 7 31.61 4
org.jruby.compiler ASTCompilerl9 1 20 40 0 40 10 2 117 26264.39 20
org.jruby.compiler ASTInspector 0 18 51 1.05 51 25 2.83 433 562739.87 45
org.jrubdy.evaluator ASTInterpreter 4 22 55 0 55 6 2.5 165 38462.7 22
org.jruby.runtime AbstractCompiledBlockCallback 0 0 0 0 0 0 0 1 0 0
org.jruby.ext.ffi Abstractinvoker 5 / 19 0.92 11 4 1.57 42 6346.91 9
org.jruby.ext.ffi AbstractMemory 0 68 105 0.97 105 5 1.5¢ 310 87618.03 71
org.jrudy.ast.executable AbstractScript 1 166 187 24 187 3 1.13 413 28142.16 190
org.jruby.compiler.impl AbstractVariableCompller 8 20 61 0.71 61 12 3.05 275 125005.27 27
org.jruby.utl Adler32Ext 0 9 10 0.67 10 2 1.11 27 484 12
org.jruby.internal.runtime.methods AllasMethod 2 40 45 0.96 45 6 1.12 102 1383.47 53
org.jruby.ast AllasNode 2 7 7 0.67 7 1 1 24 90.68 9
org.jruby.ext.ffi AllocatedDirectMemorylO 11 2 2 0 2 1 1 3 0 2
org.jruby.ext.ffi.jffi AllocatedNativeMemorylO 3 5 8 0.75 8 2 1.6 20 1138.3 8
org.jruby.ext.ffi.jna AllocatedNativeMemorylO 0 4 6 0.67 6 2 1.5 19 884.51 5
org.jruby.ast AndNode 2 74 8 0.5 8 2 1.14 27 871.77 9
org.jrudy.anno AnnotationBinder 6 3 3 ! 3 1 1 27 32.73 S
org.jruby.anno AnnotationBingersAnnotationBindingProcessor 2 5 14 0.88 14 6 2.8 41 2180.79 7
org.jruby.anno AnnotationBindersAnnotationBindingProcessorsRubyClassVisitor 0 8 66 0.86 66 22 8.25 248 230539.2¢4 10
org.jruby.ast ArgAuxllaryNode 8 6 6 0.8 6 1 1 17 85.47 8
org.jruby.ast ArgsCathode 2 7/ 7 0.5 7 1 1 26 806.1 9
org.jruby.ast ArgsNoArghode 10 2 2 0 2 1 1 8 0 2
org.jruby.ast ArgsNode 4 34 64 0.9 64 7 1.88 148 33503.67 48
org.jruby.ast ArgsPreOneArghode 11 6 6 0 6 1 1 17 115.79 6
org.jruby.ast ArgsPreTwoArgNode 2 7 8 0 8 2 1.14 20 231.46 r4
org.jruby.ast ArgsPushiNode 2 7 7 0.67 7 1 1 26 642.14 9
org.jrubdy.ast.ut ArgsJtil 0 5 13 0 13 3 2.6 35 4082.78 5
org.jruby.ast ArgumentNode 2 6 6 0.6 6 1 1 17 53.48 7
org.jruby.compiler ArgumentsCallback : 1 1 0 1 1 1 2 0 1
org.jrudy.runtime Arity 12 26 55 1.01 55 7 2.12 162 34258.83 37
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Example Mining File

Package Name bugs No. Methods CCV LCOM TCC MAXCC AVCC NOS HEFF JWCS

org.jruby.compiler ASTCompiler 0 278 605 1 605 92 2.18 1574 424794.18 279
org.jruby.compiler ASTCompilersOpElementAsgnArgumentsCaliback 0 3 6 0 6 3 2 21 3552.03 -
org.jruby.compiler ASTCompilersSpecficArityArguments 6 3 7 0.5 7 4 2.33 22 2660.26 5
org.jruby.compiler ASTCompilersVariableArityArguments 0 3 3 0.5 3 1 1 7 31.61 -
org.jruby.compiler ASTCompilerl9 1 20 40 0 40 10 2 117 26264.39 20
org.jruby.compiler ASTInspector 0 18 51 1.05 51 25 2.83 433 562739.87 45
org.jruby.evaluator ASTInterpreter 4 22 55 0 55 6 2.5 165 38462.7 22
org.jruby.runtime AbstractCompiledBlockCallback 0 0 0 0 0 0 0 1 0 0
org.jruby.ext.ffi Abstractinvoker 5 7 11 0.92 11 4 1.57 42 6346.91 9
org.jruby.ext.ffi AbstractMemory 0 68 105 0.97 105 5 1.54 310 87618.03 71
org.jrudy.ast.executable AbstractScript 1 166 187 24 187 3 1.13 413 28142.16 190
org.jruby.compiler.impl AbstractVariableCompiler 8 20 61 0.71 61 12 3.05 275 125005.27 27
org.jruby.uti Adler32Ext 0 9 10 0.67 10 2 1.11 27 484 12
org.jruby.internal.runtime.methods AliasMethod 2 40 45 0.96 45 6 1.12 102 1383.47 53
org.jruby.ast AllasNode 2 7 7 0.67 7 1 1 24 90.68 9
org.jruby.ext.ffi AllocatedDirectMemorylO 11 2 2 0 2 1 1 3 0 2
org.jruby.ext.ffi.jffi AllocatedNativeMemorylO 3 5 8 0.75 8 2 1.6 20 1138.3 8
org.jruby.ext.ffi.jna AllocatedNativeMemorylO 0 4 6 0.67 6 2 1.5 19 884.91 S
org.jruby.ast AndNoce 2 7 8 0.5 8 2 1.14 27 871.77 9
org.jruby.anno AnnotationBinger 6 3 3 1 3 1 1 27 32.73 S
org.jrudy.anno AnnotationBingersAnnotationBingingProcessor 2 5 14 0.88 14 6 2.8 41 2180.79 7
org.jruby.anno AnnotationBindersAnnotationBindingProcessorsRubyClassVisitor 0 8 66 0.86 66 22 8.25 248 230539.2¢4 10
org.jruby.ast ArgAuxllaryNode 8 6 6 0.8 6 1 1 17 85.47 8
org.jruby.ast ArgsCathode 2 7 7 0.5 7 1 1 26 806.1 9
org.jruby.ast ArgsNoArghode 10 2 2 0 2 1 1 8 0 2
org.jruby.ast ArgsNode 4 34 64 0.9 64 7 1.88 148 33503.67 48
org.jruby.ast ArgsPreOneArgNode 11 6 6 0 6 1 1 17 115.79 6
org.jruby.ast ArgsPreTwoArgNode 2 7 8 0 8 2 1.14 20 231.46 7
org.jruby.ast ArgsPushiNode 2 7 7 0.67 7 1 1 26 642.14 9
org.jruby.ast.uti ArgsJtil 0 5 13 0 13 3 2.6 35 4082.78 5
org.jruby.ast ArgumentNode : b 6 6 0.6 6 1 1 17 53.48 7
org.jruby.compiler ArgumentsCallback i 1 1 0 1 1 1 2 0 1
org.jruby.runtime Arity 12 26 55 1.01 55 7 2.12 162 34258.83 37

P
entities

SAARLAND pi&
UNIVERSITY @
— .
COMPUTER SCIENCE

Thursday, 23 July, 2009



Example Mining File

Package Name bugs No. Methods CCV LCOM TCC MAXCC AVCC NOS HEFF JWCS

org.jruby.compiler ASTCompiler 0 278 605 1 605 92 2.18 1574 424794.18 279
org.jruby.compiler ASTCompilersOpElementAsgnArgumentsCaliback 0 3 6 0 6 3 2 21 3552.03 -
org.jruby.compiler ASTCompilersSpecficArityArguments 6 3 7 0.5 7 4 2.33 22 2660.26 5
org.jruby.compiler ASTCompilersVariableArityArguments 0 3 3 0.5 3 1 1 7 31.61 -
org.jruby.compiler ASTCompilerl9 1 20 40 0 40 10 2 117 26264.39 20
org.jruby.compiler ASTInspector 0 18 51 1.05 51 25 2.83 433 562739.87 45
org.jrudy.evaluator ASTInterpreter 4 22 55 0 55 6 2.5 169 38462.7 22
org.jruby.runtime AbstractCompiledBlockCallback 0 0 0 0 0 0 0 1 0 0
org.jruby.ext.ffi Abstractinvoker 5 7 11 0.92 11 4 1.57 42 6346.91 9
org.jruby.ext.ffi AbstractMemory 0 68 105 0.97 105 5 1.54 310 87618.03 71
org.jruby.ast.executable AbstractScript - 166 187 24 187 3 1.13 413 28142.16 190
org.jruby.compiler.impl AbstractVariableCompiler 8 20 61 0.71 61 12 3.05 275 125005.27 27
org.jruby.uti Adler32Ext 0 9 10 0.67 10 2 1.11 27 484 12
org.jruby.internal.runtime.methods AliasMethod 2 40 45 0.96 45 6 1.12 102 1383.47 53
org.jruby.ast AllasNode 2 7 7 0.67 7 1 1 24 90.68 9
org.jruby.ext.ffi AllocatedDirectMemorylO 11 2 2 0 2 1 1 3 0 2
org.jruby.ext.ffi.jffi AllocatedNativeMemorylO 3 5 8 0.75 8 2 1.6 20 1138.3 8
org.jruby.ext.ffi.jna AllocatedNativeMemorylO 0 4 6 0.67 6 2 1.5 19 884.51 5
org.jruby.ast AndNode 2 7 8 0.5 8 2 1.14 27 871.77 9
org.jruby.anno AnnotationBinger 6 3 3 1 3 1 1 27 32.73 S
org.jrudy.anno AnnotationBingersAnnotationBingingProcessor 2 5 14 0.88 14 6 2.8 41 2180.79 7
org.jruby.anno AnnotationBingcersAnnotationBindingProcessorsRubyClassVisitor 0 8 66 0.86 66 22 8.25 248 230539.2¢ 10
org.jruby.ast ArgAuxllaryNode 8 6 6 0.8 6 1 1 17 85.47 8
org.jruby.ast ArgsCathode 2 7 7 0.5 7 1 1 26 806.1 9
org.jruby.ast ArgsNoArghode 10 2 2 0 2 1 1 8 0 2
org.jruby.ast ArgsNode 4 34 64 0.9 64 7 1.88 148 33503.67 48
org.jruby.ast ArgsPreOneArghode 11 6 6 0 6 1 1 17 115.79 6
org.jruby.ast ArgsPreTwoArgNode 2 7 8 0 8 2 1.14 20 231.46 7
org.jruby.ast ArgsPushiNode 2 7 7 0.67 7 1 1 26 642.14 9
org.jruby.ast.utl ArgsJtil 0 5 13 0 13 3 2.6 35 4082.78 5
org.jruby.ast ArgumentNode : b 6 6 0.6 6 1 1 17 53.48 7
org.jruby.compiler ArgumentsCallback i 1 1 0 1 1 1 2 0 1
org.jruby.runtime Arity 12 26 55 1.01 55 7 2.12 162 34258.83 37
ﬁ — (X X ]
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Package
org.jruby.compiler
org.jruby.compiler
org.jruby.compiler
org.jruby.compiler
org.jruby.compiler
org.jruby.compiler
org.jruby.evaluator
org.jruby.runtime
org.jruby.ext.ffi
org.jruby.ext.ffi
org.jrudy.ast.executable
org.jruby.compiler.impl
org.jruby.uti
org.jruby.internal.runtime.methods
org.jruby.ast
org.jruby.ext.ffi
org.jruby.ext.ffi.jffi
org.jruby.ext.ffi.jna
org.jruby.ast
org.jruby.anno
org.jrudy.anno
org.jrudy.anno
org.jruby.ast
org.jruby.ast
org.jruby.ast
org.jruby.ast
org.jruby.ast
org.jruby.ast
org.jruby.ast
org.jruby.ast.utl
org.jruby.ast
org.jruby.compiler
org.jruby.runtime

S EEEE—

Example Mining File

Name

ASTCompiler
ASTCompilersOpElementAsgnArgumentsCallback
ASTCompilersSpecificArityArguments
ASTCompilersVariableArityArguments
ASTCompilerl9

ASTInspector

ASTInterpreter
AbstractCompiledBlockCallback
Abstractinvoker

AbstractMemory

AbstractScript
AbstractVariableCompller

Adler32Ext

AllasMethod

AllasNode

AllocatedDirectMemorylO
AllocatedNativeMemorylO
AllocatedNativeMemorylO

AndNoge

AnnotationBincer
AnnotationBingersAnnotationBindingProcessor

AnnotationBingersAnnotationBindingProcessorsRubyClassVisitor

ArgAuxillaryNode
ArgsCatiNocde
ArgsNoArghode
ArgsNode
ArgsPreOneArghode
ArgsPreTwoArgNode
ArgsPushNode
ArgsJtil
ArgumentNode
ArgumentsCallback
Arity

entities

bugs No. Methods CCV
0 278 605
0 3 6
6 3 7
0 3 3
1 20 40
0 18 51
4 22 55
0 0 0
5 7 1%
0 68 105
1 166 187
8 20 61
0 9 10
2 40 45
2 7 7
11 2 2
3 5 8
0 = 6
2 7 8
6 3 3
2 5 14
0 8 66
8 6 6
2 7 7
10 2 2
4 34 64
11 6 6
2 7 8
2 7 7
0 5 13
1 6 6
1 1 1
12 26 55

—d
output

LCOM

105
187

o=
w oo

o (=
MH WSO RN N RWO NN

—

w

MAXCC

N =

—
SNHEHEHWHE NSRRGSR OONN LWL RO - R WN

AVCC

NOS
1574
21
22

117
433
165

42
310
413
275

27
102

24

20
19
27
27
41
246
17
26
8
146
17
20
26
35
17
2
162

data points

HEFF
424794.18
3552.03
2660.26
31.61
26264.39
562739.87
38462.7
0
6346.91
87618.03
28142.16
125005.27
484
1383.47
90.68
0
1138.3
884.51
871.77
32.73
2180.79
230539.2¢
85.47
806.1
0
33503.67
115.79
231.46
642.14
4082.78
53.48
0
34258.83

JWCS

—

5
SNHNUVMO NN YOO NUDWOWL N WD

w

— 000
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Example Mining File

Package Name bugs No. Methods CCV LCOM TCC MAXCC AVCC NOS HEFF UWCs

org.jruby.compiler ASTCompller 0 278 605 1 605 92 2.18 1574 424794.18 275
org.jruby.compiler ASTCompilersOpElementAsgnArgumentsCaliback 0 3 6 0 6 3 2 21 3552.03 -
org.jruby.compiler ASTComplilersSpecficArityArguments 6 4 2660.26 5
org.jruby.compiler ASTCompilersVariableArityArguments 0 1 31.61 -
org.jruby.compiler ASTCompilerl9 1 26264.39 20
org.jruby.compiler ASTInspector 0 562739.87 45
org.jruby.evaluator ASTInterpreter 4 38462.7 22
org.jruby.runtime AbstractCompiledBlockCallback 0 0 0
org.jruby.ext.ffi Abstractinvoker 5 6346.91 9
org.jrudy.ext.ffi AbstractMemory 0 87618.03 71
org.jruby.ast.executable AbstractScript 28142.16 190
org.jruby.compiler.impl AbstractVariableCompller 125005.27 27
org.jruby.uti Adler32Ext 484 12
org.jruby.internal.runtime.methods AllasMethod 1383.47 53
org.jruby.ast AllasNode 90.68 9
org.jruby.ext.ffi 0 2
org.jruby.ext.ffi.jffi 1138.3 8
org.jruby.ext.ffi.jna 884.51 5
org.jruby.ast 871.77 9
org.jruby.anno 1 32.73 5
org.jrudy.anno 14 6 2180.79 7
org.jrudy.anno 66 22 230539.2¢ 10
org.jrudy.ast 6 6 1 85.47 8
org.jruby.ast s 7 7 1 806.1 9
org.jruby.ast 2 2 2 1 0 2
org.jruby.ast 4 34 64 64 7, 33503.67 48
org.jruby.ast alid 6 6 6 1 115.79 6
org.jrudy.ast 2 7 8 8 2 231.46 7
org.jruby.ast 2 7 7 7 1 642.14 9
org.jruby.ast.utl 0 ) 13 13 3 4082.78 S
org.jruby.ast mentNode i 6 6 : 6 1 53.48 7
org.jruby.compiler ArgumentsCallback 1 1 1 0 1 1 1 2 0 1
org.jruby.runtime Arity 12 26 55 1.01 55 7 2.12 162 34258.83 37
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Step 3: Explore Data

You cannct validate ¢he oot 1 you don Z bnoeo the 1 hpUT

» Descriptive data summary

: : : : Defining the
» max, min, mean, pareto, distribution

d Preparing
. data

» Data Selection i
xploring
» Relevance of data

» Data reduction

» aggregation, subset selection
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Descriptive Data Summary

Step 3: Explore Data

—How good can a prediction
Hossibly be!

Does It make sense to predict
the top 20%

# defects

20% of entities contain 80% of defects
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Step 3: Explore Data

Data sufficiency
&
= Preparing
» Maybe the data will not help

to solve the problem
data

» Redefine problem
» Search for alternatives
» Access different data
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Step 3: Explore Data

Data sufficiency

Defining the
problem

< Preparin
» Maybe the data will not help

to solve the problem -~
data

» Redefine problem
» Search for alternatives
» Access different data
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Step 3: Explore Data

=) ﬂ past defect

1T hl per entity (quality)

Version Archive

5

| //;;‘\ source code DO&S COMP / ex /Z(y

Sourcode } p(tlh’:Fe)’Eel”l;Ctilse)S CcCorr 8/ df (=2 wz‘Z‘/7 O/ 8{.’8@{5 7
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Step 3: Explore Data

=) ﬂ past defect

1T hl per entity (quality)

Version Archive

5

| //;;‘\ source code DO&S COMP / ex /Z(y

Sourcode } p(tlh’:Fe)’Eel”l;Ctilse)S CcCorr 8/ df (=2 wz‘Z‘/7 O/ 8{.’8@{5 7
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Step 4: Build Model

» Mining model only container
problem

» parameters and mining I
ata

structure
VS

» output value

data
» Now we need some models
statistics / machine learners
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Package
org.jruby.compiler
org.jruby.compiler
org.jruby.compiler
org.jruby.compiler
org.jruby.compiler
org.jruby.compiler
org.jruby.evaluator
org.jruby.runtime
org.jruby.ext.ffi
org.jruby.ext.ffi
org.jrudy.ast.executable
org.jruby.compiler.impl
org.jruby.uti
org.jruby.internal.runtime.methods
org.jruby.ast
org.jruby.ext.ffi
org.jruby.ext.ffi.jffi
org.jruby.ext.ffi.jna
org.jruby.ast
org.jruby.anno
org.jrudy.anno
org.jrudy.anno
org.jruby.ast
org.jruby.ast
org.jruby.ast
org.jruby.ast
org.jruby.ast
org.jruby.ast
org.jruby.ast
org.jruby.ast.utl
org.jruby.ast
org.jruby.compiler
org.jruby.runtime
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Example Mining File

Name

ASTCompiler
ASTCompilersOpElementAsgnArgumentsCallback
ASTCompilersSpecificArityArguments
ASTCompilersVariableArityArguments
ASTCompilerl9

ASTInspector

ASTInterpreter
AbstractCompiledBlockCallback
Abstractinvoker

AbstractMemory

AbstractScript
AbstractVariableCompller

Adler32Ext

AllasMethod

AllasNode

AllocatedDirectMemorylO
AllocatedNativeMemorylO
AllocatedNativeMemorylO

AndNoge

AnnotationBincer
AnnotationBingersAnnotationBindingProcessor

AnnotationBingersAnnotationBindingProcessorsRubyClassVisitor

ArgAuxillaryNode
ArgsCatiNocde
ArgsNoArghode
ArgsNode
ArgsPreOneArghode
ArgsPreTwoArgNode
ArgsPushNode
ArgsJtil
ArgumentNode
ArgumentsCallback
Arity

entities

bugs No. Methods CCV
0 278 605
0 3 6
6 3 7
0 3 3
1 20 40
0 18 51
4 22 55
0 0 0
5 7 1%
0 68 105
1 166 187
8 20 61
0 9 10
2 40 45
2 7 7
11 2 2
3 5 8
0 = 6
2 7 8
6 3 3
2 5 14
0 8 66
8 6 6
2 7 7
10 2 2
4 34 64
11 6 6
2 7 8
2 7 7
0 5 13
1 6 6
1 1 1
12 26 55

—d
output

LCOM

105
187

o=
w oo

o (=
MH WSO RN N RWO NN

—

w

MAXCC

N =

—
SNHEHEHWHE NSRRGSR OONN LWL RO - R WN

AVCC

NOS
1574
21
22

117
433
165

42
310
413
275

27
102

24

20
19
27
27
41
246
17
26
8
146
17
20
26
35
17
2
162

data points

HEFF
424794.18
3552.03
2660.26
31.61
26264.39
562739.87
38462.7
0
6346.91
87618.03
28142.16
125005.27
484
1383.47
90.68
0
1138.3
884.51
871.77
32.73
2180.79
230539.2¢
85.47
806.1
0
33503.67
115.79
231.46
642.14
4082.78
53.48
0
34258.83

JWCS

—
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w

— 000
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Building the Model

» Regression

» Predicting concrete, continuous values
» Difficult and very imprecise

» But desirable

» Classification
» Predicting class labels (e.g. more that X defects or not)
» Easier and more precise
» Vague information (how many defects in code?)
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Building the Model
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Building the Model

Lazy Learners

Bayesian Network

Logistic Regression
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Training and Testing

» Training set

» The data set to train the model
» Which columns correlate with output values?

» Which columns correlate with each other?

» Testing set

» A data set iIndependent of the training data set
» used to fine-tune the estimates of the model parameters
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Training and Testing

Random split

DATA SET




Training and Testing

Random split

training data (2/3)
testing data (1/3)
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Training and Testing

Random split

training data (2/3)
testing data (1/3)
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Training and Testing

DATA SET
version N

Forward estimation

+ Reflects real life training data
+ Reproducable result testing data
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Step 4: Build Model
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Step 4: Build Model

training set
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Step 4: Build Model

machine

training set learner
(black box)
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Step 4: Build Model

nput machine
training set ﬁ learner
(black box)
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Step 4: Build Model

nput machine
training set ﬁ learner
(black box)
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nput machine
training set ﬁ learner
(black box)
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Step 4: Build Model

machine
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(black box)
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Step 4: Build Model

machine

training set learner
(black box)
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Step 5:Validating Model

» lest data has same stucture
but different content

Defining the
problem

i
. data
» Goal Is to use model to G

correctly estimate output
Val Ues Violatin S

» Compare estimation with
real values (fine tuning)
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Evaluation

Step 5: Validating the Model

SAARLAND pi&

UNIVERSITY m]

— .
COMP ER SC N(

Thursday, 23 July, 2009




Evaluation

Step 5: Validating the Model

Never predict concrete humber!
Because people will take them for real
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Evaluation

UIpU3JSap pa3.Jos

real defects per entity predicted defects per entity
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Evaluation

correctly predicted defect prone modules
(true positives)

¥

real defects per entity predicted defects per entity
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Recall, Precision, Accuracy

Predict defects ?

Yes Ne

false

true positives :
negatives

Real defects!?
false true

positives negatives
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Recall, Precision, Accuracy

Predict defects ?
Yes No

true false
positives negatives

IEINS true
positives negatives

i true positives

. . true positives + false positives
Precision P P

Predicted defect pProne entities
corl/ Ae defect pProne Y
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Recall, Precision, Accuracy

Predict defects ?
Yes No

true false
positives negatives * Recal I

IEING true
positives negatives

. true positives

Precision

true positives + false negative

A/ defect prone entities
3ef prea//cfea/ as defect prone.
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Recall, Precision, Accuracy

Predict defects ?
Yes No

true false
positives negatives

IEING true
positives negatives

Precision \

Accuracy

true positives + true negatives

true positives + true negatives + false negative + false positives

7778 O\/era/ / correctress

SAARLAND pi&

UNIVERSITY Eﬂ}

— .
COMPUTER SCIENC

Thursday, 23 July, 2009




Step 6: Deploying Model

» Integrate model into
development or quality
problem

dassurance process ’
[zlepbdymg | data
and updatin G
mo%els ° ‘ Cvolor
» Update model frequently ‘

(because change happens)
models models

-requently validate the

brecision of your model
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Step 6: Deploying Model

» Integrate model into
development or qualibs

dSSUraneas Preparing
data
and updating .
models

) Upd( .,\.Iuﬁn-tly

(becaust Ciiange happens)

data
-requently validate the
brecision of your model
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State of the Art
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Prediction Results

Training

Testing

Precision

Recall

Accuracy

2.0

2.0

0.692

0.265

0.876

2.1

0.478

0.191

0.890

3.0

0.613

0.171

0.86 |

2.0

0.664

0.203

0.870

2.1

0.668

0.160

0.900

3.0

0.717

0.139

0.864

2.0

0.578

0.277

0.866

2.1

0.528

0.220

0.894

3.0

0.675

0.224

0.869

.
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has bugs, has no bugs




Prediction Results

Training

Testing

Precision

Recall

Accuracy

2.0

0.692

0.265

0.876

2.0

2.1

0.478

0.191

0.890

3.0

0.613

0.171

0.861

2.0

0.664

0.203

0.870

2.1

0.668

0.160

0.900

3.0

0.717

0.139

0.864

2.0

0.578

0.277

0.866

2.1

0.528

0.220

0.894

3.0

0.675

0.224

0.869

Predicting Defects for Eclipse

|Revised for Dataset Version 2.0a|

Predicting java classes: Classification:
has bugs, has no bugs
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Prediction Results

Training Testing Precision Recall Accuracy
2.0 0.692 0.265 0.876
2.0 2.1 0.478 0.191 e

3.0 0.613 8
20

Predicting Defects for Eclipse

|Revised for Dataset Version 2.0a|

£C I I p S e Thomas Zimmermann Rahul Premraj Andreas Zeller
Saarland University Saarland University Saarland University haS bUgS, haS no bUgS
iz@acm.org premraj@cs.uni-sb.de zeller@acm.org
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Code

e-mail
Bug Reports Changes
Profiles
What to mine?
Traces Effort Specification
Chats
Tests

Navigation Models
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Profiles

Traces

Tests

e-mail
Bug Reports
Effort
Chats
Navigation

Code

Changes

Sepcification

Models
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Data Mining Input Sources
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People who changed function
f() also changed ....

N
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Which modules should
| test most?

N
w =




X

How long will it take
to fix this bug?

N
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W\

Should | use
design AorB?

N
w
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This requirement
is risky!
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Wikis
o Joy of Use
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Recommendation Social Software
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Empirical SE 2.0
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Remixability The Long Tail
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Your Testers

Summary

Building a mining model

Integration
Services

Defining the
problem

Preparing
data

Deploying
and updating

models
g Y Validating |
models

Source of image: http://technet.microsoft.com/en-us/librar

p—

Exploring
data

Building ‘. /
models B .
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Summary

Building a mining model '

5

Your Testers (

Integration
Services

Defining the
problem

Preparing
data

Deploying
and updating
models

Exploring
data

Building the Model '
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Step 4: Building the Model

. % Do defects and
3| —>
' melrics correlale?
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Building a mining model (
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Step 4: Building the Model
Data Mining Input Sources

= > il
@ i suEEEs

gkl cnmma i

Thursday, 23 July, 2009



Your Testers

{

() 4

Wikis

Participation

< : ‘ .
Recommendation Social Software
>e

Collaboration

Remixability
DataDriven

Building the Moad

9 "‘%@W}‘ﬁ

Step 4: Building the Model

Do defectds and

3 melrics correlade?

Usability

Perpetual Beta S|mp||C|ty

Empirical SE 2.0

Summary

Building a mining model

Integration

Defining the Services

problem

Preparing
data

-"‘“

Exploring Fi

data it

§ Validating Building ‘. 4
L mo

Joy of Use

models dels 8

Economy
The Long Tail

Data Mining Input Sources

e d NN
o A R

—

hnet.microsoft.com/en-us/library/ms | 74949 35px

{

5

{

5

Thursday, 23 July, 2009




