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(Compile the Sudoku Case Study Application
cd proteja-installation-directory
cd apps/SK

ant init

ant compile

@l oofso/
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Hands-on: Preparing the Applications and Tools
4 . . . Y
Compile the Sudoku Case Study Application
cd proteja-installation-directory
cd apps/SK
ant init
ant compile
Lcd oS )
( - - - )
Compile the Proteja Test Coverage Monitor
cd ../../
ant init
lant build )
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Run Sudoku’s Test Suite Without Coverage Monitoring
cp data/settingsFiles/SK/*

ant addAnnotations

ant proteja
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Hands-on: Executing Tests and Monitoring Coverage

Run Sudoku’s Test Suite Without Coverage Monitoring

cp data/settingsFiles/SK/*
ant addAnnotations

ant proteja

ant proteja —-Dcobertura=true
-DtestTimer=true -DapplicationName=Sudoku

@ Run Sudoku’s Test Suite With Coverage Monitoring
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Supporting Methods

Screenshot: Configuring Test Suite Execution

* bui

File Edit
o LgOpen v Csave | < Undo Q q

build.xml %

project name="proteja" basedii

userSource" valu pps/SK/src/sudoku/"
userBytecode" value="apps/SK/bin/"
testSuite" value="apps/SK/bin/"

src" valu rc/"/>
build" value="build/classes/"/>

y name="cobertura" value="false"

y name="testTimer" value="false"

y name="applicationName" vaiue:"default” />

y name:”modifi;ationFi{e” valﬂe:”data.dat

XML v | Tab Width: 4 v| Ln 20, Col 7 INS
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Screenshot: Configuring the Test Coverage Monitor

File Edit

o LgOpen v Csave | < Undo Q

settings.out %

<proteja.Settings>

<testClasses>
<java-class>sudoku.TestSudoku</java-class>

</testClasses>
<batchFactor>1</batchFactor>
<resetJVMOnBatch>true</resetJVMOnBatch>
<coverageType>line</coverageType>
<listType>ignore</listType>
<methodList/>

</proteja.Settings>

Plain Text v | Tab Width: 4 v Ln9, Col 16 INS
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Screenshot: Running the Test Suite

A v X n

File Edit View Terminal Help

jonathan@jonathan-laptop:~/research/proteja$ ant proteja
Buildfile: build.xml

Reading file

File read

Settings in.
include list found!
Starting new JVM

run:
[java] testInitialize Null passed.
Starting new JVM

run:

[javal testGetPeersInSameSubSquare passed.
Starting new JVM

run:
[java] testGetUnsolvedBoxes passed.
Starting new JVM
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Supporting Methods

Screenshot: Performing Test Coverage Monitoring

A v X n

File Edit View Terminal Help

jonathan@jonathan-laptop:~/research/proteja$ ant proteja -Dcobertura=true -DtestTimer=truefg
-DapplicationName=Sudoku

Buildfile: build.xml

Reading file

File read

Settings in.
include list found!

inst:
[mkdir] Created dir: /home/jonathan/research/proteja/instrumentedClasses
[cobertura-instrument] Cobertura 1.9.1 - GNU GPL License (NO WARRANTY) - See C

[java]l [cobertura-instrument] Instrumenting 4 files to /home/jonathan/research/protej
a/instrumentedClasses

[java] [cobertura-instrument] Cobertura: Saved information on 4 classes.

[java] [cobertura-instrument] Instrument time: 192ms

[javal

[java] createCopy:

[javal [mkdir] Created dir: /home/jonathan/research/proteja/temp

[javal [copy] Copying 1 file to /home/jonathan/research/proteja/temp

[java] Starting new JVM

[javal

[java]
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Screenshot: Viewing a Test Case Timings Report

x Sudoki dat (~/research/modificare/reqMat

File Edit Vi Doct

EFo &S QU %

Sudoku_Timing.dat %
.TestSudoku. testSolveByPropagatingknownValues 137746198 1 line true Sudol
.TestSudoku. testSolvedValues 17867635 1  line true Sudoku false
.TestSudoku. testSolvedValues_SomeValuesMissing 17653082 1 line true
.TestSudoku.testInitialize Empty 17088901 1 line true Sudoku false
.TestSudoku.testPossibleValues Tiny 17739966 1 line true Sudoku fals
.TestSudoku. testGetPeers_Unit6 17987762 1 line true Sudoku false
.TestSudoku. testGetPeersInSameSubSquare 17968833 1 line true Sudoku
.TestSudoku. testGetUnsolvedBoxes 17769788 1 line true Sudoku false
.TestSudoku. testFindBoxesConstrainedToOnePossibleValue NoUnitsHave9AsPossibleValue

true Sudoku false

.TestSudoku.testInitialize NotSquare 17690510 1 line true Sudoku fals
.TestSudoku. testFindBoxesConstrainedToOnePossibleValue Row 31559389 1 line
.TestSudoku. testRemoveSolvedValuesFromPeers 25016796 1 line true Sudo
.TestSudoku.testInitialize NoSeededValues 17790041 1 line true Sudoku
.TestSudoku.testInitialize NoSeededValues Zeros 17631850 1 line true
.TestSudoku. testSolvedvalue Error 17651334 1 line true Sudoku false
.TestSudoku. testFindBoxesConstrainedToOnePossibleValue Column 32211987 1 line
.TestSudoku. testRemoveSolvedValuesFromPeers ReachContradiction 19033426 1

.TestSudoku. testFindBoxesConstrainedToOnePossibleValue SubSquare 32107781 1

.TestSudoku. testRemoveSolvedValuesFromPeers NewSolvedValue 47971324 1 line
.TestSudoku. testGetPeers _Unitl 18416308 1 line true Sudoku false
.TestSudoku. testGetPeersInSameColumn 20217304 1 line true Sudoku fals
.TestSudoku.testInitialize NoSeededValues Dashes 17590924 1 line true
.TestSudoku.testPossibleValues InitiateBoxState 18697206 1 line true

ku false
Sudoku false
e
false
32366684
e
true Sudoku false
ku false
false

Sudoku false

true Sudoku false
line true Sudoku

line true Sudoku

true Sudoku false

e
Sudoku false
Sudoku false

Plain Text v | Tab Width: 4 v Ln1,Col 7 INS
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Importance of Test Suite Prioritization

1,2,3 CE=0.3789

i r Test Orderings

i

Covered Test Requirements (C(T, /)

T T T T
0 5 10 15

Testing Time (/)

Original ordering exhibits poor effectiveness score - CE = 0.3789
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Importance of Test Suite Prioritization
i . r Test Orderings
£ 123

Testing Time (/)

Different ordering improves the effectiveness score - CE = 0.5053
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Importance of Test Suite Prioritization

2,31 CE=0.4316

i Test Orderings

Covered Test Requirements (C(T, 1))
—
wW
N

Testing Time (/)
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Best ordering shows a higher effectiveness scores - CE = 0.5789
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Greedy methods often produce high-effectiveness orderings
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Key Algorithms
Hands-on: Running the Greedy Algorithms
(Load the Regression Testing Techniques )
cd modificare—-installation—-directory
R
source ( *‘FDP_Start.R’" ")
zLoadFit ()
zLoadGRD ()
zLoadHC ()
zLoadGA ()
\zLoadProduceOrderingReductionDataFile() )
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Hands-on: Running the Greedy Algorithms

(Run the Greedy Reduction Algorithm

x1<-GRD_reduction (coverageMatrixName=
"regMatrices/StatementCoverageMatrices/
Sudoku_1_line_true_Coverage.dat",
timingsFileName="regMatrices/
TimingsFiles/Sudoku_Timing.dat")
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Hands-on: Running the Greedy Algorithms

Conclusion

(Run the Greedy Prioritization Algorithm
x2<-GRD (coverageMatrixName=

Sudoku_1_line_true_Coverage.dat",
timingsFileName="regMatrices/
TimingsFiles/Sudoku_Timing.dat")

"regMatrices/StatementCoverageMatrices/
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Hands-on: Running the Greedy Algorithms

Conclusion

(Map the Test Indices to Test Names

yl<-produceOrderingReductionDataFile
(testSuite=x1$0rd,
timingsFile="regMatrices/
TimingsFiles/Sudoku_Timing.dat")

y2<-produceOrderingReductionDataFile
(testSuite=x2$0rd,
timingsFile="regMatrices/
TimingsFiles/Sudoku Timing.dat")
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Key Algorithms
Hands-on: Running the Greedy Algorithms
Store the Test Case Timings
write.table(yl, file="path-to-proteja/
SK_ orderingl.dat", row.names=FALSE,
col.names=FALSE, quote=FALSE)
write.table(y2, file="path-to-proteja/
SK_ordering2.dat", row.names=FALSE,
col.names=FALSE, quote=FALSE) )
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Hands-on: Running the Greedy Algorithms

Conclusion

Execute the Reduced Test Suite
cd proteja-installation-directory

ant modifyTestSuite -DmodificationFile=

"SK_orderingl.dat"
ant proteja
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Hands-on: Running the Greedy Algorithms

Conclusion

Execute the Prioritized Test Suite
cd proteja-installation-directory

ant modifyTestSuite -DmodificationFile=

"SK_ordering2.dat"
ant proteja
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Regression Testing

Introduction Software Testing

Key Algorithms

Screenshot: Loading Regression Testing

File Edit View Terminal Help
source("FDP_Start.R")
zLoadFit()
zLoadGRD ()
zLoadHC ()
Loading required package: plyr
> zLoadSANN()
> zLoadProduceOrderingReductionDataFile()

>

Allegheny College

Kapfhammer an
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Key Algorithms

Screenshot: Running the Greedy Reducer

A v X j laptop:

File Edit View Terminal Help

> x1<-GRD_reduction(coverageMatrixName="reqMatrices/StatementCoverageMatrices/Sudoku_ 1 ling
e _true Coverage.dat",timingsFileName="reqMatrices/TimingsFiles/Sudoku_Timing.dat",b seed=100

[1] 2520 82310 1415 313 216 9

$Fit
[1] 0.7590638

$Pri
[1] "GRD_reduction"

> [
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Key Algorithms

Screenshot: Running the Greedy Prioritizer

A v X j laptop:

File Edit View Terminal Help
> x2<-GRD(coverageMatrixName="reqMatrices/StatementCoverageMatrices/Sudoku_ 1 line_true Covjg
erage.dat",timingsFileName="reqMatrices/TimingsFiles/Sudoku Timing.dat", seed=100)

[1]1 2520 823161415 313 216 92217 712 12118 4241911 5 6
$Fit

[1] ©.7590638

"GRD"
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Screenshot: Test Index to Test Name Mapping

A v X j laptop:

File Edit View Terminal Help

> yl<-produceOrderingReductionDataFile(testSuite=x1$0rd,timingsFile="reqMatrices/TimingsFilg

les/Sudoku_Timing.dat")
"sudoku.TestSudoku.testInitialize Null"
"sudoku.TestSudoku.testGetPeers_Unitl"
"sudoku.TestSudoku. testGetUnsolvedBoxes"
"sudoku.TestSudoku.testPossibleValues_InitiateBoxState"
"sudoku.TestSudoku.testInitialize NotSquare"
"sudoku.TestSudoku.testInitialize NoSeededValues_ Zeros"
"sudoku.TestSudoku.testSolvedValue Error"
"sudoku.TestSudoku.testSolvedValues_SomeValuesMissing"
"sudoku.TestSudoku.testInitialize NoSeededValues"
"sudoku.TestSudoku.testSolvedValues"

"sudoku.TestSudoku. testFindBoxesConstrainedToOnePossibleValue_Column"

Allegheny College
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Key Algorithms

Screenshot: Storing the Test Case Timings

A v X j laptop:

File Edit View Terminal Help

> write.table(yl,file="~/research/proteja/SK orderingl.dat", row.names=FALSE, col.names=FALSjS
E,quote=FALSE)

> write.table(y2,file="~/research/proteja/SK_ordering2.dat", row.names=FALSE, col.names=FALS
E,ﬁuote:FALSE)

>

Kapfhammer an Allegheny College

Regression Testing: Theoretical Underpinnings, Practical Techniques, and Empirical Insights



Introduction Software Testing Regression Testing Empirical Evaluation Conclusion

000 000 0000000000000 [e]e]
00000 [o]e] 0000000 e00000000000 000
Key Algorithms

Screenshot: The Reduced Test Suite

g1.dat (~/research/prots

o gOpen v U isave

SK_orderingLdat %

.TestSudoku.testInitialize Null

.TestSudoku. testGetPeers_Unitl

.TestSudoku. testGetUnsolvedBoxes
.TestSudoku.testPossibleValues InitiateBoxState
.TestSudoku.testInitialize NotSquare
.TestSudoku.testInitialize NoSeededValues Zeros

.TestSudoku. testSolvedvalue Error
.TestSudoku.testSolvedValues SomeValuesMissing
.TestSudoku.testInitialize NoSeededValues

.TestSudoku. testSolvedvalues

.TestSudoku. testFindBoxesConstrainedToOnePossibleValue Column
.TestSudoku. testFindBoxesConstrainedToOnePossibleValue NoUnitsHave9AsPossibleValue

Plain Text v | Tab Width: 4 v | Ln12, Col 1 INS
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Screenshot: The Prioritized Test Suite

g2.dat (~/research/prote

o gOpen v U isave

SK_ordering2.dat %

.TestSudoku.testInitialize Null

.TestSudoku. testGetPeers_Unitl

.TestSudoku. testGetUnsolvedBoxes
.TestSudoku.testPossibleValues InitiateBoxState
.TestSudoku.testInitialize NotSquare
.TestSudoku.testInitialize NoSeededValues Zeros

.TestSudoku. testSolvedvalue Error

.TestSudoku.testSolvedValues SomeValuesMissing
.TestSudoku.testInitialize NoSeededValues

.TestSudoku. testSolvedvalues

.TestSudoku. testFindBoxesConstrainedToOnePossibleValue Column
.TestSudoku. testFindBoxesConstrainedToOnePossibleValue NoUnitsHave9AsPossibleValue
.TestSudoku.testInitialize NoSeededValues Dashes

.TestSudoku. testRemoveSolvedValuesFromPeers ReachContradiction
.TestSudoku. testGetPeersInSameSubSquare

.TestSudoku. testRemoveSolvedValuesFromPeers

.TestSudoku. testSolveByPropagatingKnownValues

.TestSudoku. testGetPeersInSameColumn

.TestSudoku. testFindBoxesConstrainedToOnePossibleValue SubSquare
.TestSudoku.testInitialize Empty

.TestSudoku. testGetPeersInSameRow

.TestSudoku. testRemoveSolvedValuesFromPeers NewSolvedValue
.TestSudoku. testFindBoxesConstrainedToOnePossibleValue Row
.TestSudoku. testPossibleValues Tiny

.TestSudoku. testGetPeers_Unit6
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Key Algorithms

Screenshot: Preparing the Reduced Test Suite

A v X j laptop:

File Edit View Terminal Help

jonathan@jonathan-laptop:~/research/proteja$ ant modifyTestSuite -DmodificationFile="SK or[g
deringl.dat"

Buildfile: build.xml

modifyTestSuite:
[java] Reading file
[javal File read
[javal Settings in.
[javal Reading file

BUILD SUCCESSFUL

Total time: 0 seconds
jonathan@jonathan-laptop:~/research/proteja$ D
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Key Algorithms

Screenshot: Viewing the Reduced Test Suite

settings.out %
<proteja.Settings>
<testClasses>
<java-class>sudoku.TestSudoku</java-class>
</testClasses>
<batchFactor>1</batchFactor>
<resetJVMOnBatch>true</resetJVMOnBatch>
<coverageType>line</coverageType>
<listType>include</listType>
<methodList>
<proteja.PMethod>
<clazz>sudoku.TestSudoku</clazz>
<methodName>testInitialize Null</methodName>
</proteja.PMethod>
<proteja.PMethod>
<clazz>sudoku. TestSudoku</clazz>
<methodName>testGetPeers_Unitl</methodName>
</proteja.PMethod>
<proteja.PMethod>
<clazz>sudoku. TestSudoku</clazz>
<methodName>testGetUnsolvedBoxes</methodName>
</proteja.PMethod>
<proteja.PMethod>
<clazz>sudoku. TestSudoku</clazz>
<methodName>testPossibleValues InitiateBoxState</methodName>
</proteja.PMethod>
<proteja.PMethod>
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Key Algorithms

Screenshot: Running the Reduced Test Suite

A v X j I

File Edit View Terminal Help

jonathan@jonathan-laptop:~/research/proteja$ ant proteja
Buildfile: build.xml

Reading file

File read

Settings in.
include list found!
Starting new JVM

run:
[java] testInitialize Null passed.
Starting new JVM

run:
[java] testGetPeers Unitl passed.
Starting new JVM

run:
[java] testGetUnsolvedBoxes passed.
Starting new JVM
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e e 0 time(Ty) = 1
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Limitations of Greedy Algorithms

e e 0 time(Ty) = 1
time(Ty) = 1

time(T3) = 2.45

time(Ty) = 1

Execution time of the test cases may mislead greedy
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Limitations of Greedy Algorithms

time(Ty) = 1
GK M time(T,) = 1
time(Ty) = 1

time(T3) = 2.45
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Original ordering has low effectiveness score
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Limitations of Greedy Algorithms

time(Ty) = 1
GK M time(T,) = 1
time(Ty) = 1

time(Ts) — 2.45
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Original ordering has low effectiveness score
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Limitations of Greedy Algorithms

time(Ty) = 1
GK M time(Tz) = 1
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Greedy method constructs suite with marginal improvement
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Limitations of Greedy Algorithms

time(Ty) = 1
GK M time(T,) = 1
time(Ty) = 1

time(Ts) — 2.45
@@@QWWMM

Greedy can exhibit high run-times (Jiang et al. ASE 2009)
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Genetic may find better orderings (Conrad et al. GECCO 2010)

Kapfhammer and Kauffman Allegheny College

Regression Testing: Theoretical Underpinnings, Practical Techniques, and Empirical Insights



Introduction Software Testing Regression Testing Empirical Evaluation Conclusion
000 000 0000000000000 00
00000 00 0000000008000000000 000

Key Algorithms

Limitations of Greedy Algorithms

time(Ty) = 1
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Genetic may find better orderings (Conrad et al. GECCO 2010)
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Limitations of Greedy Algorithms

time(Ty) = 1
GK M time(Tz) = 1
time(Ty) = 1

time(Ts) — 2.45
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Search-based algorithms are amenable to parallelization
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Limitations of Greedy Algorithms

time(Ty) = 1
GK M time(Tz) = 1
time(Ty) = 1

time(Ts) — 2.45
@@Q@wmﬂu

Search-based algorithms support “human in the loop”
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Limitations of Greedy Algorithms

time(Ty) = 1
GK M time(Tz) = 1
time(Ty) = 1

time(Ts) — 2.45
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Search-based algorithms construct diverse test orderings
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Hill Climbing Algorithm
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Hill Climbing Algorithm

Explore the “neighborhood” of test suites from a starting point

[<T1, T2, T3, T4, Ts)]
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Hill Climbing Algorithm

Explore the “neighborhood” of test suites from a starting point

[(Tz, T1, T3, Ts, Ts)]
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Hill Climbing Algorithm

Explore the “neighborhood” of test suites from a starting point

[(7_2, Ty, Ts, Ta, Ts)]

[(7'5, To, T3, Ta, T >]‘—[(T1, T2, T3, Ta, Ts)]—{ﬂ's, To, T4, Ta, T5>]
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Execute the phases until the genetic algorithm stagnates
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Use a “higher is better” effectiveness metric
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Use a “higher is better” effectiveness metric

Kapfhammer and Kauffman Allegheny College

Regression Testing: Theoretical Underpinnings, Practical Techniques, and Empirical Insights



Introduction Software Testing Regression Testing Empirical Evaluation Conclusion
000 000 0000000000000 00
00000 00 000000000000@000000 000

Key Algorithms

Genetic Algorithm

(Fitness }—{Selection }~{Crossover }—{Mutation)

Choose orderings to become parents of next generation

Kapfhammer and Kauffman Allegheny College

Regression Testing: Theoretical Underpinnings, Practical Techniques, and Empirical Insights



Introduction Software Testing Regression Testing Empirical Evaluation Conclusion
000 000 0000000000000 00
00000 00 000000000000@000000 000

Key Algorithms

Genetic Algorithm

(Fitness }—{Selection }~{Crossover }—{Mutation)

Operators

Choose orderings to become parents of next generation

Kapfhammer and Kauffman Allegheny College

Regression Testing: Theoretical Underpinnings, Practical Techniques, and Empirical Insights



Introduction Software Testing Regression Testing Empirical Evaluation Conclusion
000 000 0000000000000 00
00000 00 000000000000@000000 000

Key Algorithms

Genetic Algorithm

(Fitness }—{Selection }~{Crossover }—{Mutation)

Operators

ROU| | TOU| |TRU

Choose orderings to become parents of next generation
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See (Conrad et. al, GECCO 2010) for additional details

Kapfhammer and Kauffman Allegheny College

Regression Testing: Theoretical Underpinnings, Practical Techniques, and Empirical Insights



Introduction Software Testing Regression Testing Empirical Evaluation Conclusion
000 000 0000000000000 00
00000 00 0000000000000800000 000

Key Algorithms

Hands-on: Running the Search-Based Algorithms

Run the Hill Climbing Prioritization Algorithm

HC_FA (1FM=makeLogFM (read.table (
"regMatrices/StatementCoverageMatrices/
Sudoku_1l_line true_Coverage.dat")),
NG="NG_FS", Seed=100)
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Key Algorithms

Hands-on: Running the Search-Based Algorithms

(Run the Genetic Prioritization Algorithm
GA (1FM=makeLogFM (read.table ("regMatrices/
StatementCoverageMatrices/
Sudoku_1l_line true_Coverage.dat")),
<:::> cChildDens=.6,cMutRate=.2, cPopSize=20,
CrossOp="CO_0OX1", MutOp="MO_DM",
SelOp="SO_ROU", TransOp="TO_EXP",

TermCond="TermTotalIt",
EndCond=10, Seed=100)
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Key Algorithms

Screenshot: Running the Hill Climbing Algorithm

A v X j laptop:

File Edit View Terminal Help

> HC_FA(1FM=makeLogFM(read.table("reqMatrices/StatementCoverageMatrices/Sudoku_1 line truefg
| Coverage.dat")),NG="NG_FS",Seed=100)
$0rd

[1] 25 7 8 2160 13162420 31723 4 5 9182119221215 61114 1

$Fit
[1] ©.7068085

$Pri
[1] "HC_FA"

$Conf
[1] "NG_FS"
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Key Algorithms

Screenshot: Running the Genetic Algorithm

A v X j laptop:

File Edit View Terminal Help

> GA(1FM=makeLogFM(read.table("reqMatrices/StatementCoverageMatrices/Sudoku_1 line_true_Cojg
verage.dat")),cChildDens=.6,cMutRate=.2, cPopSize=20,CrossOp="C0_0X1",MutOp="MO_DM",SelOp="
SO_ROU",TransOp="TO_EXP",TermCond="TermTotalIt",EndCond=10,Seed=160)

2 524 910 11418 6111323 721 8 3221619 417 15 25 20 12

[1] ©.752766

$cPopSize

[1] "CO_oOx1"

$MutOp
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Fault Localization

mid() { int x,y,z,m; T Ty T3 Ty T5 Ts T7 Tg

1: read("Enter 3 numbers:” x,y,z); v v v v v v v v

2: m=z; v v v v v v v v

3: if(y<z) v v v v v v v v

4 if(x< y) v v v v v

5: m=y; v

6 else if(x<z) v v v v

7: m=y; // *** bug *** v v v

8: else v v v

9: if(x>y) v v v

10: m=y; v v

11: else if (x>z) v

12: m=z;

13: print("Middle number is:”,m); v v v v v v v v
} Pass/Fail Status F F
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Key Algorithms

Fault Localization

mid() { int x,y,z,m; Ty To T3 Ty T5 Ts T7 Tg Susp Rank
1: read("Enter 3 numbers:” x,y,z); v v v v v v v v 0.5 7

2: m=z; v v v v v v v v 0.5 7

3: if(y<z) v v v v v v v v 0.5 7

4: if(x< y) v v v v v 0.63 3

5: m=y; v 0.0 13
6: else if(x<z) v v v v 0.71 2

7: m=y; // *** bug *** v v v 0.82 1

8: else v v v 0.0 13
9: if(x>y) v v v 0.0 13
10: m=y; v v 0.0 13
11: else if (x>z) v 0.0 13
12: m=z; 0.0 13
13: print("Middle number is:”,m); v v v v v v v v 0.5 7

} Pass/Fail Status F F
Kapfhammer and Kauffman Allegheny College

Regression Testing: Theoretical Underpinnings, Practical Techniques, and Empirical Insights



Introduction Software Testing Regression Testing Empirical Evaluation Conclusion

000 000 0000000000000 [e]e]
00000 [o]e] 000000000000 000000e 000
Key Algorithms

Fault Localization

mid() { int x,y,z,m; Ty To T3 Ty T5 Ts T7 Tg Susp Rank
1: read("Enter 3 numbers:” x,y,z); v v v v v v v v 0.5 7

2: m=z; v v v v v v v v 0.5 7

3: if(y<z) v v v v v v v v 0.5 7

4: if(x< y) v v v v v 0.63 3

5: m=y; v 0.0 13
6: else if(x<z) v v v v 0.71 2

7: m=y; // *** bug *** v v 0.82 1

8: else v v v 0.0 13
9: if(x>y) v v v 0.0 13
10: m=y; v v 0.0 13
11: else if (x>z) v 0.0 13
12: m=z; 0.0 13
13: print("Middle number is:”,m); v v v v v v v v 0.5 7

} Pass/Fail Status F F
Kapfhammer and Kauffman Allegheny College

Regression Testing: Theoretical Underpinnings, Practical Techniques, and Empirical Insights



Introduction Software Testing Regression Testing Empirical Evaluation Conclusion

000 000 0000000000000 [e]e]
00000 [o]e] 000000000000 000000e 000
Key Algorithms

Fault Localization

mid() { int x,y,z,m; Ty To T3 Ty T5 Ts T7 Tg Susp Rank
1: read("Enter 3 numbers:” x,y,z); v v v v v v v v 0.5 7

2: m=z; v v v v v v v v 0.5 7

3: if(y<z) v v v v v v v v 0.5 7

4: if(x< y) v v v v v 0.63 3

5: m=y; v 0.0 13
6: else if(x<z) v v v v 0.71 2

7: m=y; // *** bug *** v v v 0.82 1

8: else v v v 0.0 13
9: if(x>y) v v v 0.0 13
10: m=y; v v 0.0 13
11: else if (x>z) v 0.0 13
12: m=z; 0.0 13
13: print("Middle number is:”,m); v v v v v v v v 0.5 7

} Pass/Fail Status F F
Kapfhammer and Kauffman Allegheny College

Regression Testing: Theoretical Underpinnings, Practical Techniques, and Empirical Insights



Introduction Software Testing Regression Testing Empirical Evaluation Conclusion

000 000 0000000000000 [e]e]
00000 [o]e] 000000000000 000000e 000
Key Algorithms

Fault Localization

mid() { int x,y,z,m; Ty To T3 Ty T5 Ts T7 Tg Susp Rank
1: read("Enter 3 numbers:”x,y,z); v v v v v v v v 0.5 7
2: m=z; v v v v v v v v 0.5 7
3: if(y<z) v v v v v v v v 0.5 7
4: if(x< y) v v v v v 0.63 3
5: m=y; v 0.0 13
6: else if(x<z) v v v v 0.71 2
7: m=y; // *** bug *** v v v 0.82 1
8: else v v v 0.0 13
9: if(x>y) v v v 0.0 13
10: m=y; v v 0.0 13
11: else if (x>z) v 0.0 13
12: m=z; 0.0 13
13: print("Middle number is:”,m); v v v v v v v v 0.5 7

} Pass/Fail Status F F

Examine the most suspicious statement first
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Assumption: Developer examines source code statements in order
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Our framework supports fault localization with a wide variety of metrics
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|Our tools support all of these tasks!
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Application Program Size
Lines | Methods | Classes | Faults | Test Cases

CommissionEmployee 34 18 2 95 15
Point 125 26 3 44 13
DataStructures 189 57 8 324 106
Employee 192 52 7 84 14
LoopFinder 193 26 4 34 13
Sudoku 231 58 4 414 25
JDepend 1,462 282 35 2,659 39
Reduction and Prioritization 2,050 211 19 1,412 38
Barbecue 2,501 422 59 18,312 140
JodaTime 12,687 3,644 223 20,894 206
CommonsMath 20,763 4,185 556 6,077 268
Total 40,427 8,981 920 50,349 877
Average 3,675 816 84 4,577 80
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Prioritizer ~ Fitness Runtime (sec) Application

GRD 0.98 0.22 Sudoku
GRD 0.36 0.38 ReductionAndPrioritization
GRD 0.71 33.88 JodaTime
HCSAFS 0.98 0.01 Sudoku
HC_SAFS 0.36 0.04 ReductionAndPrioritization
HCSAFS 0.69 7.88 JodaTime
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Prioritizer ~ Fitness Runtime (sec) Application

GRD 0.98 0.22 Sudoku

GRD 0.36 0.38 ReductionAndPrioritization
GRD 0.71 33.88 JodaTime

HCSAFS 0.98 0.01 Sudoku

HC_SA_FS 0.36 0.04 ReductionAndPrioritization
HCSAFS 0.69 7.88 JodaTime

Greedy and hill climbing produce comparable orderings
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However, hill climbing is slightly more efficient than greedy
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But the hill climbing algorithm executes over four times faster!
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A small fitness increase may result in a large runtime increase
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Our tools support efficient experimentation through parallelism
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Conclusions and Future Work

Conclusion

Concluding Remarks

e Comprehensive framework for regression testing
e Interesting empirical results demonstrate trade-offs

e Free/open source tools are available for download

e http://proteja.googlecode.com
e http://modificare.googlecode.com
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Concluding Remarks

e Comprehensive framework for regression testing
e Interesting empirical results demonstrate trade-offs

e Free/open source tools are available for download

e http://proteja.googlecode.com
e http://modificare.googlecode.com

Future Work

e Add new algorithms for regression testing

o Develop statistically meaningful empirical results

e Conduct experiments with more case study applications
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Thank you for your attention!
Contact us with questions and/or comments!
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