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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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Search-based techniques may have some desirable characteristics
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Greedy Algorithms
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Key Algorithms

Hands-on: Running the Greedy Algorithms

1

Load the Regression Testing Techniques
cd modificare-installation-directory
R
source(‘‘FDP Start.R’’)
zLoadFit()
zLoadGRD()
zLoadHC()
zLoadGA()
zLoadProduceOrderingReductionDataFile()
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Key Algorithms

Hands-on: Running the Greedy Algorithms

2

Run the Greedy Reduction Algorithm
x1<-GRD reduction(coverageMatrixName=

"reqMatrices/StatementCoverageMatrices/
Sudoku 1 line true Coverage.dat",
timingsFileName="reqMatrices/
TimingsFiles/Sudoku Timing.dat")
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Key Algorithms

Hands-on: Running the Greedy Algorithms

3

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

"reqMatrices/StatementCoverageMatrices/
Sudoku 1 line true Coverage.dat",
timingsFileName="reqMatrices/
TimingsFiles/Sudoku Timing.dat")
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Key Algorithms

Hands-on: Running the Greedy Algorithms

4

Map the Test Indices to Test Names
y1<-produceOrderingReductionDataFile

(testSuite=x1$Ord,
timingsFile="reqMatrices/
TimingsFiles/Sudoku Timing.dat")

y2<-produceOrderingReductionDataFile
(testSuite=x2$Ord,
timingsFile="reqMatrices/
TimingsFiles/Sudoku Timing.dat")
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Key Algorithms

Hands-on: Running the Greedy Algorithms

5

Store the Test Case Timings
write.table(y1,file="path-to-proteja/

SK ordering1.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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Key Algorithms

Hands-on: Running the Greedy Algorithms

6

Execute the Reduced Test Suite
cd proteja-installation-directory
ant modifyTestSuite -DmodificationFile=

"SK ordering1.dat"
ant proteja
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Key Algorithms

Hands-on: Running the Greedy Algorithms

7

Execute the Prioritized Test Suite
cd proteja-installation-directory
ant modifyTestSuite -DmodificationFile=

"SK ordering2.dat"
ant proteja
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Key Algorithms

Screenshot: Loading Regression Testing
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Key Algorithms

Screenshot: Running the Greedy Reducer
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Key Algorithms

Screenshot: Running the Greedy Prioritizer
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Key Algorithms

Screenshot: Test Index to Test Name Mapping
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Key Algorithms

Screenshot: Storing the Test Case Timings
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Screenshot: The Reduced Test Suite
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Screenshot: The Prioritized Test Suite
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Key Algorithms

Screenshot: Preparing the Reduced Test Suite
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Key Algorithms

Screenshot: Viewing the Reduced Test Suite
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Key Algorithms

Screenshot: Running the Reduced Test Suite
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Key Algorithms

Limitations of Greedy Algorithms

T1 T3 T2 T4

Possible configuration of the coverage report
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Limitations of Greedy Algorithms

T1 T3 T2 T4

R1 R2 R3

T1 T3 T2 T4

R1 R2 R3

time(T1) = 1

time(T2) = 1

time(T4) = 1

Execution time of the test cases may mislead greedy
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T1 T3 T2 T4
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time(T1) = 1

time(T2) = 1
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time(T3) = 2.45
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Limitations of Greedy Algorithms
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T1 T3 T2 T4

R1 R2 R3

time(T1) = 1

time(T2) = 1

time(T4) = 1

time(T3) = 2.45

T1 T2 T3 T4 CE(T ) = 0.54

Original ordering has low effectiveness score
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Limitations of Greedy Algorithms

T1 T3 T2 T4

R1 R2 R3

T1 T3 T2 T4

R1 R2 R3

time(T1) = 1

time(T2) = 1

time(T4) = 1

time(T3) = 2.45

T1 T2 T3 T4T3 T1 T2 T4 CE(T ′) = 0.55

Greedy method constructs suite with marginal improvement
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Key Algorithms

Limitations of Greedy Algorithms

T1 T3 T2 T4

R1 R2 R3

T1 T3 T2 T4

R1 R2 R3

time(T1) = 1

time(T2) = 1

time(T4) = 1

time(T3) = 2.45

T1 T2 T3 T4T3 T1 T2 T4 CE(T ′) = 0.55

Greedy can exhibit high run-times (Jiang et al. ASE 2009)
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Limitations of Greedy Algorithms

T1 T3 T2 T4

R1 R2 R3

T1 T3 T2 T4

R1 R2 R3

time(T1) = 1

time(T2) = 1

time(T4) = 1

time(T3) = 2.45

T1 T2 T3 T4T3 T1 T2 T4T1 T2 T4 T3 CE(T ′) = 0.63

Search-based algorithms are amenable to parallelization
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Limitations of Greedy Algorithms

T1 T3 T2 T4

R1 R2 R3

T1 T3 T2 T4

R1 R2 R3

time(T1) = 1

time(T2) = 1

time(T4) = 1

time(T3) = 2.45

T1 T2 T3 T4T3 T1 T2 T4T1 T2 T4 T3 CE(T ′) = 0.63

Search-based algorithms support “human in the loop”
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Key Algorithms

Limitations of Greedy Algorithms

T1 T3 T2 T4

R1 R2 R3

T1 T3 T2 T4

R1 R2 R3

time(T1) = 1

time(T2) = 1

time(T4) = 1

time(T3) = 2.45

T1 T2 T3 T4T3 T1 T2 T4T1 T2 T4 T3 CE(T ′) = 0.63

Search-based algorithms construct diverse test orderings
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Hill Climbing Algorithm

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

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

Hill Climbing Algorithm

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

〈T1,T2,T3,T4,T5〉

〈T2,T1,T3,T4,T5〉

〈T3,T2,T1,T4,T5〉

〈T4,T2,T3,T1,T5〉

〈T5,T2,T3,T4,T1〉

Kapfhammer and Kauffman Allegheny College

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



Introduction Software Testing Regression Testing Empirical Evaluation Conclusion

Key Algorithms

Hill Climbing Algorithm

fitness

time
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Hill Climbing Algorithm
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timeT
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Key Algorithms

Hill Climbing Algorithm

fitness

timeT

T ′
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Key Algorithms

Hill Climbing Algorithm

fitness

timeT

T ′
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timeT
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Hill Climbing Algorithm
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Key Algorithms

Genetic Algorithm

Fitness

Initialize

Selection Crossover Mutation

Randomly create suites by repeatedly shuffling 〈T1, . . . ,Tn〉

Kapfhammer and Kauffman Allegheny College

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



Introduction Software Testing Regression Testing Empirical Evaluation Conclusion

Key Algorithms

Genetic Algorithm

Fitness

Initialize

Selection Crossover MutationFitness

Execute

Selection Crossover Mutation

Execute the phases until the genetic algorithm stagnates
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Genetic Algorithm

Fitness

Initialize

Selection Crossover MutationFitness

Execute

Selection Crossover MutationFitness

Execute

Selection Crossover Mutation

Operators

Use a “higher is better” effectiveness metric
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Genetic Algorithm

Fitness

Initialize

Selection Crossover MutationFitness

Execute

Selection Crossover MutationFitness

Execute
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Operators

CE

Use a “higher is better” effectiveness metric
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Key Algorithms

Genetic Algorithm

Fitness

Initialize

Selection Crossover MutationFitness

Execute

Selection Crossover MutationFitness

Execute

Selection Crossover Mutation

Operators

CE APFD APRC

Use a “higher is better” effectiveness metric
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Key Algorithms

Genetic Algorithm

Fitness

Initialize

Selection Crossover MutationFitness

Execute

Selection Crossover MutationFitness

Execute

Selection Crossover MutationFitness

Execute

Selection Crossover Mutation

Choose orderings to become parents of next generation
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Key Algorithms

Genetic Algorithm

Fitness

Initialize

Selection Crossover MutationFitness

Execute

Selection Crossover MutationFitness

Execute

Selection Crossover MutationFitness

Execute

Selection Crossover Mutation

Operators

ROU TOU TRU

Choose orderings to become parents of next generation
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Genetic Algorithm

Fitness

Initialize

Selection Crossover MutationFitness

Execute

Selection Crossover MutationFitness

Execute

Selection Crossover MutationFitness

Execute

Selection Crossover MutationFitness

Execute

Selection Crossover Mutation

Five possible operators combine parents to produce children
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Genetic Algorithm

Fitness

Initialize

Selection Crossover MutationFitness

Execute

Selection Crossover MutationFitness

Execute

Selection Crossover MutationFitness

Execute
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Execute

Selection Crossover Mutation

Operators

Five possible operators combine parents to produce children
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Key Algorithms

Genetic Algorithm

Fitness

Initialize

Selection Crossover MutationFitness

Execute

Selection Crossover MutationFitness

Execute

Selection Crossover MutationFitness

Execute

Selection Crossover MutationFitness

Execute

Selection Crossover Mutation

Operators

MPX PMX POS

Five possible operators combine parents to produce children
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Key Algorithms

Genetic Algorithm

Fitness

Initialize

Selection Crossover MutationFitness

Execute

Selection Crossover MutationFitness

Execute

Selection Crossover MutationFitness

Execute

Selection Crossover MutationFitness

Execute

Selection Crossover MutationFitness

Execute

Selection Crossover Mutation

Six possible operators make random changes to orderings
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Genetic Algorithm

Fitness

Initialize

Selection Crossover MutationFitness

Execute
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Execute
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Execute
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Execute
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Key Algorithms

Genetic Algorithm

Fitness

Initialize

Selection Crossover MutationFitness

Execute

Selection Crossover MutationFitness

Execute

Selection Crossover MutationFitness

Execute

Selection Crossover MutationFitness

Execute

Selection Crossover MutationFitness

Execute

Selection Crossover Mutation

Operators

ISM IVM SIM

Six possible operators make random changes to orderings
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Key Algorithms

Genetic Algorithm

Fitness

Initialize

Selection Crossover MutationFitness

Execute

Selection Crossover MutationFitness

Execute

Selection Crossover MutationFitness

Execute

Selection Crossover MutationFitness

Execute

Selection Crossover MutationFitness

Execute

Selection Crossover Mutation

Operators

ISM IVM SIM

See (Conrad et. al, GECCO 2010) for additional details
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Key Algorithms

Hands-on: Running the Search-Based Algorithms

1

Run the Hill Climbing Prioritization Algorithm
HC FA(lFM=makeLogFM(read.table(

"reqMatrices/StatementCoverageMatrices/
Sudoku 1 line true Coverage.dat")),
NG="NG FS",Seed=100)
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Key Algorithms

Hands-on: Running the Search-Based Algorithms

2

Run the Genetic Prioritization Algorithm
GA(lFM=makeLogFM(read.table("reqMatrices/

StatementCoverageMatrices/
Sudoku 1 line true Coverage.dat")),
cChildDens=.6,cMutRate=.2,cPopSize=20,
CrossOp="CO OX1",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
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Key Algorithms

Screenshot: Running the Genetic Algorithm
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Key Algorithms

Fault Localization

mid() { int x,y,z,m; T1 T2 T3 T4 T5 T6 T7 T8

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

2: m=z; X X X X X X X X

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

4: if(x< y ) X X X X X

5: m=y; X

6: else if(x<z) X X X X

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

8: else X X X

9: if(x>y) X X X

10: m=y; X X

11: else if (x>z) X

12: m=z;

13: print(”Middle number is:”,m); X X X X X X X X

} Pass/Fail Status P P P P P P F F

Kapfhammer and Kauffman Allegheny College

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

Fault Localization

suspiciousness(s) =
failed(s)√

totalfailed ∗ (failed(s) + passed(s))
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Key Algorithms

Fault Localization

suspiciousness(s) =
failed(s)√

totalfailed ∗ (failed(s) + passed(s))
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Key Algorithms

Fault Localization

mid() { int x,y,z,m; T1 T2 T3 T4 T5 T6 T7 T8 Susp Rank

1: read(”Enter 3 numbers:”,x,y,z); X X X X X X X X 0.5 7

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

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

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

5: m=y; X 0.0 13

6: else if(x<z) X X X X 0.71 2

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

8: else X X X 0.0 13

9: if(x>y) X X X 0.0 13

10: m=y; X X 0.0 13

11: else if (x>z) X 0.0 13

12: m=z; 0.0 13

13: print(”Middle number is:”,m); X X X X X X X X 0.5 7

} Pass/Fail Status P P P P P P F F
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Key Algorithms

Fault Localization

mid() { int x,y,z,m; T1 T2 T3 T4 T5 T6 T7 T8 Susp Rank

1: read(”Enter 3 numbers:”,x,y,z); X X X X X X X X 0.5 7

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

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

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

5: m=y; X 0.0 13

6: else if(x<z) X X X X 0.71 2

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

8: else X X X 0.0 13

9: if(x>y) X X X 0.0 13

10: m=y; X X 0.0 13

11: else if (x>z) X 0.0 13

12: m=z; 0.0 13

13: print(”Middle number is:”,m); X X X X X X X X 0.5 7

} Pass/Fail Status P P P P P P F F
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Key Algorithms

Fault Localization

mid() { int x,y,z,m; T1 T2 T3 T4 T5 T6 T7 T8 Susp Rank

1: read(”Enter 3 numbers:”,x,y,z); X X X X X X X X 0.5 7

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

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

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

5: m=y; X 0.0 13

6: else if(x<z) X X X X 0.71 2

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

8: else X X X 0.0 13

9: if(x>y) X X X 0.0 13

10: m=y; X X 0.0 13

11: else if (x>z) X 0.0 13

12: m=z; 0.0 13

13: print(”Middle number is:”,m); X X X X X X X X 0.5 7

} Pass/Fail Status P P P P P P F F
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Key Algorithms

Fault Localization

mid() { int x,y,z,m; T1 T2 T3 T4 T5 T6 T7 T8 Susp Rank

1: read(”Enter 3 numbers:”,x,y,z); X X X X X X X X 0.5 7

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

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

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

5: m=y; X 0.0 13

6: else if(x<z) X X X X 0.71 2

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

8: else X X X 0.0 13

9: if(x>y) X X X 0.0 13

10: m=y; X X 0.0 13

11: else if (x>z) X 0.0 13

12: m=z; 0.0 13

13: print(”Middle number is:”,m); X X X X X X X X 0.5 7

} Pass/Fail Status P P P P P P F F

Examine the most suspicious statement first
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Key Algorithms

Fault Localization

mid() { int x,y,z,m; T1 T2 T3 T4 T5 T6 T7 T8 Susp Rank

1: read(”Enter 3 numbers:”,x,y,z); X X X X X X X X 0.5 7

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

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

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

5: m=y; X 0.0 13

6: else if(x<z) X X X X 0.71 2

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

8: else X X X 0.0 13

9: if(x>y) X X X 0.0 13

10: m=y; X X 0.0 13

11: else if (x>z) X 0.0 13

12: m=z; 0.0 13

13: print(”Middle number is:”,m); X X X X X X X X 0.5 7

} Pass/Fail Status P P P P P P F F

Assumption: Developer examines source code statements in order
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Key Algorithms

Fault Localization

mid() { int x,y,z,m; T1 T2 T3 T4 T5 T6 T7 T8 Susp Rank

1: read(”Enter 3 numbers:”,x,y,z); X X X X X X X X 0.5 7

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

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

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

5: m=y; X 0.0 13

6: else if(x<z) X X X X 0.71 2

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

8: else X X X 0.0 13

9: if(x>y) X X X 0.0 13

10: m=y; X X 0.0 13

11: else if (x>z) X 0.0 13

12: m=z; 0.0 13

13: print(”Middle number is:”,m); X X X X X X X X 0.5 7

} Pass/Fail Status P P P P P P F F

Assumption: Developer can identify faulty statement
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Key Algorithms

Fault Localization

mid() { int x,y,z,m; T1 T2 T3 T4 T5 T6 T7 T8 Susp Rank

1: read(”Enter 3 numbers:”,x,y,z); X X X X X X X X 0.5 7

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

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

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

5: m=y; X 0.0 13

6: else if(x<z) X X X X 0.71 2

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

8: else X X X 0.0 13

9: if(x>y) X X X 0.0 13

10: m=y; X X 0.0 13

11: else if (x>z) X 0.0 13

12: m=z; 0.0 13

13: print(”Middle number is:”,m); X X X X X X X X 0.5 7

} Pass/Fail Status P P P P P P F F

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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Concrete Examples

Case Study Applications

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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Concrete Examples

Empirical Insights

Prioritizer Fitness Runtime (sec) Application
GRD 0.98 0.22 Sudoku
GRD 0.36 0.38 ReductionAndPrioritization
GRD 0.71 33.88 JodaTime
HC SA FS 0.98 0.01 Sudoku
HC SA FS 0.36 0.04 ReductionAndPrioritization
HC SA FS 0.69 7.88 JodaTime
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Concrete Examples

Empirical Insights

Prioritizer Fitness Runtime (sec) Application
GRD 0.98 0.22 Sudoku
GRD 0.36 0.38 ReductionAndPrioritization
GRD 0.71 33.88 JodaTime
HC SA FS 0.98 0.01 Sudoku
HC SA FS 0.36 0.04 ReductionAndPrioritization
HC SA FS 0.69 7.88 JodaTime

Greedy and hill climbing produce comparable orderings
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Concrete Examples

Empirical Insights

Prioritizer Fitness Runtime (sec) Application
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GRD 0.36 0.38 ReductionAndPrioritization
GRD 0.71 33.88 JodaTime
HC SA FS 0.98 0.01 Sudoku
HC SA FS 0.36 0.04 ReductionAndPrioritization
HC SA FS 0.69 7.88 JodaTime

However, hill climbing is slightly more efficient than greedy
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Concrete Examples

Empirical Insights

Prioritizer Fitness Runtime (sec) Application
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GRD 0.36 0.38 ReductionAndPrioritization
GRD 0.71 33.88 JodaTime
HC SA FS 0.98 0.01 Sudoku
HC SA FS 0.36 0.04 ReductionAndPrioritization
HC SA FS 0.69 7.88 JodaTime

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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Concrete Examples

Empirical Insights

Prioritizer Fitness Runtime (sec) Application
GRD 0.98 0.22 Sudoku
GRD 0.36 0.38 ReductionAndPrioritization
GRD 0.71 33.88 JodaTime
HC SA FS 0.98 0.01 Sudoku
HC SA FS 0.36 0.04 ReductionAndPrioritization
HC SA FS 0.69 7.88 JodaTime

Our tools support efficient experimentation through parallelism
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Conclusions and Future Work

Concluding Remarks

• Comprehensive framework for regression testing
• Interesting empirical results demonstrate trade-offs
• Free/open source tools are available for download

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

Future Work

• Add new algorithms for regression testing
• Conduct experiments with more case study applications
• Develop statistically meaningful empirical results
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