
Software Quality Improvement through
Repeated Test Execution: An Exploration of

the Present and Future of Regression Testing

Gregory M. Kapfhammer†

Department of Computer Science
Allegheny College

http://www.cs.allegheny.edu/∼gkapfham/

University of Delhi – May 9, 2012
†Joint with Jonathan Miller Kauffman (Allegheny College)

http://www.cs.allegheny.edu/~gkapfham/


Introduction Software Testing Regression Testing Empirical Evaluation Conclusion

Important Points

Presenter Introduction: Gregory M. Kapfhammer

te
st

testing

software
suites

prioritization

components

coverage
em

pi
ric

al
ly
regressionsuite
applications

evaluating

al
go

rit
hm

analysis

data

effectiveness

empirical

genetic

pe
rf

or
m

an
ce

understanding

using

approach
commercialofftheshelf

comparison

comprehensive

constrained
creation

databasecentric en
vi

ro
nm

en
ts

execution

fin
di

ng

framework

identifying

interactive

javamethods

multiplots

mutation

party

prioritized

reduction

relational

study

third

timeaware

towards

105

adequacy

ap
pr

oa
ch

es

array

automatically

building

call
challenges

chapter

communication

compare

compressing

co
m

pu
te

r

conditional

cost

cots

covering

creating

criteria

database

databaseaware

da
ta

ba
se

dr
iv

en

databases

declarative
dependable

detection

devices

distributed

distributing

duringsearchbased

dynamic

efficiency

efficient

en
gi

ne
er

in
g

environment

evaluate

examination

executing

experimental

family

flow

forward

frameworks

free

generation

greedy

gui

hamiltonian

handbook

heaps

implementation

im
pr

ov
e

incorporating

in
cr

ea
se

information

initial

intranode

invariant

javaspace

javaspacebased

kernel

knapsack

linux

measurement

memory

method

monitoring

operators

paths

poster

potential

preliminary

primitives

pr
io

rit
iz

at
io

ns

pr
io

rit
iz

er
s

prioritizing

problematic

receive

remote

reports

resource

resourceconstrained

results

role

runtime

science

searchbased

selection
solutions

solvers

space

studies

st
ud

yi
ngsupported

synthetic

techniques

transmission

transparently

trees

tuple

unstructured

wrappers

Kapfhammer Allegheny College

Software Quality Improvement through Repeated Test Execution: An Exploration of the Present and Future of Regression Testing



Introduction Software Testing Regression Testing Empirical Evaluation Conclusion

Software Challenges

Software is Everywhere

Computer
Server

Program

Kapfhammer Allegheny College

Software Quality Improvement through Repeated Test Execution: An Exploration of the Present and Future of Regression Testing



Introduction Software Testing Regression Testing Empirical Evaluation Conclusion

Software Challenges

Software is Everywhere

Computer
Server

Program

Computer
Server

Program

Desktop
Computer

Program

Kapfhammer Allegheny College

Software Quality Improvement through Repeated Test Execution: An Exploration of the Present and Future of Regression Testing



Introduction Software Testing Regression Testing Empirical Evaluation Conclusion

Software Challenges

Software is Everywhere

Computer
Server

Program

Computer
Server

Program

Desktop
Computer

Program

Desktop
Computer

Program

Mobile
Computer

Program

Kapfhammer Allegheny College

Software Quality Improvement through Repeated Test Execution: An Exploration of the Present and Future of Regression Testing



Introduction Software Testing Regression Testing Empirical Evaluation Conclusion

Software Challenges

Software is Everywhere

Computer
Server

Program

Computer
Server

Program

Desktop
Computer

Program

Desktop
Computer

Program

Mobile
Computer

Program

Mobile
Computer

Program

Household
Appliance

Program

Kapfhammer Allegheny College

Software Quality Improvement through Repeated Test Execution: An Exploration of the Present and Future of Regression Testing



Introduction Software Testing Regression Testing Empirical Evaluation Conclusion

Software Challenges

Software is Everywhere

Computer
Server

Program

Computer
Server

Program

Desktop
Computer

Program

Desktop
Computer

Program

Mobile
Computer

Program

Mobile
Computer

Program

Household
Appliance

Program

Scientific
Device

Program

Household
Appliance

Program

Kapfhammer Allegheny College

Software Quality Improvement through Repeated Test Execution: An Exploration of the Present and Future of Regression Testing



Introduction Software Testing Regression Testing Empirical Evaluation Conclusion

Software Challenges

Software is Everywhere

Computer
Server

Program

Computer
Server

Program

Desktop
Computer

Program

Desktop
Computer

Program

Mobile
Computer

Program

Mobile
Computer

Program

Household
Appliance

Program

Scientific
Device

Program

Household
Appliance

Program

Network
Router

Program

Scientific
Device

Program

Kapfhammer Allegheny College

Software Quality Improvement through Repeated Test Execution: An Exploration of the Present and Future of Regression Testing



Introduction Software Testing Regression Testing Empirical Evaluation Conclusion

Software Challenges

Software is Complex

Computer
Software

Kapfhammer Allegheny College

Software Quality Improvement through Repeated Test Execution: An Exploration of the Present and Future of Regression Testing



Introduction Software Testing Regression Testing Empirical Evaluation Conclusion

Software Challenges

Software is Complex

Computer
Software

Lines of
Code

Kapfhammer Allegheny College

Software Quality Improvement through Repeated Test Execution: An Exploration of the Present and Future of Regression Testing



Introduction Software Testing Regression Testing Empirical Evaluation Conclusion

Software Challenges

Software is Complex

Computer
Software

Lines of
Code

Numerous
Features

Kapfhammer Allegheny College

Software Quality Improvement through Repeated Test Execution: An Exploration of the Present and Future of Regression Testing



Introduction Software Testing Regression Testing Empirical Evaluation Conclusion

Software Challenges

Software is Complex

Computer
Software

Lines of
Code

Numerous
Features

Feature
Interactions

Kapfhammer Allegheny College

Software Quality Improvement through Repeated Test Execution: An Exploration of the Present and Future of Regression Testing



Introduction Software Testing Regression Testing Empirical Evaluation Conclusion

Software Challenges

Software is Complex

Computer
Software

Lines of
Code

Numerous
Features

Feature
Interactions

Execution
Environments

Kapfhammer Allegheny College

Software Quality Improvement through Repeated Test Execution: An Exploration of the Present and Future of Regression Testing



Introduction Software Testing Regression Testing Empirical Evaluation Conclusion

Software Challenges

Software is Complex

Computer
Software

Lines of
Code

Numerous
Features

Feature
Interactions

Execution
Environments

Software entities are more complex for their size than per-
haps any other human construct - Frederick P. Brooks, Jr.
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Technique Configurations

Data Sets
Visualization

Statistical Analysis

Graphs

Diagrams

Summarized
Data Sets

Models

Repeat

End

Conduct Experiments with Additional Programs, Test Suites, and Techniques

Repeat

Our tools support all of these tasks!
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Model for Experimentation

How Do I Evaluate Regression Testing Methods?

Start
Programs

Test Suites

Conduct
Experiments

Regression Testing Techniques

Technique Configurations

Data Sets
Visualization

Statistical Analysis

Graphs

Diagrams

Summarized
Data Sets

Models

Repeat

End

Conduct Experiments with Additional Programs, Test Suites, and Techniques

Repeat

Greedy, Hill Climbing, Random, Adaptive Random, Simulated Annealing, Genetic
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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 Results: Greedy and Search-Based

Prioritizer NAPSC 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 Results: Greedy and Search-Based

Prioritizer NAPSC 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 Results: Greedy and Search-Based

Prioritizer NAPSC 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

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

Empirical Results: Greedy and Search-Based

Prioritizer NAPSC 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 produces a slightly better ordering than hill climbing
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Concrete Examples

Empirical Results: Greedy and Search-Based

Prioritizer NAPSC 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

But the hill climbing algorithm executes over four times faster!
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Concrete Examples

Empirical Results: Greedy and Search-Based

Prioritizer NAPSC 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

A small NAPSC increase may result in a large runtime increase
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Concrete Examples

Empirical Results: Random and Adaptive Random

Population Size

N
A

P
S

C

0.3240

0.3245

0.3250

0.3255

0.3260

0.3265

10 20 30

JodaTime (JT)
Statement

Original NAPSC Score: 0.2784
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Concrete Examples

Empirical Results: Random and Adaptive Random

Population Size

N
A

P
S

C

0.3240

0.3245

0.3250

0.3255

0.3260

0.3265

10 20 30

JodaTime (JT)
Statement

Negligible NAPSC increase as population size increases
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Concrete Examples

Empirical Results: Random and Adaptive Random

Population Size
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10 20 30

JodaTime (JT)
Statement

Increases in runtime are more marked
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Concrete Examples

Empirical Results: Random and Adaptive Random

Similarity Metric

N
A

P
S

C

0.3194

0.3195

0.3196

0.3197

Euclidean Jaccard Manhattan

JodaTime (JT)
Statement

Original NAPSC Score: 0.2784

Kapfhammer Allegheny College

Software Quality Improvement through Repeated Test Execution: An Exploration of the Present and Future of Regression Testing



Introduction Software Testing Regression Testing Empirical Evaluation Conclusion

Concrete Examples

Empirical Results: Random and Adaptive Random

Similarity Metric

N
A

P
S

C

0.3194

0.3195

0.3196

0.3197

Euclidean Jaccard Manhattan

JodaTime (JT)
Statement

NAPSC changes little as similarity metric is varied
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Concrete Examples

Empirical Results: Random and Adaptive Random

Similarity Metric

N
A

P
S

C

0.3194

0.3195

0.3196

0.3197

Euclidean Jaccard Manhattan

JodaTime (JT)
Statement

Scores are comparable to those produced by random (0.3240 - 0.3265)
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Concrete Examples

Empirical Results: Random and Adaptive Random

Similarity Metric
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Euclidean Jaccard Manhattan

JodaTime (JT)
Statement

Adaptive random executes more slowly than random
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Concrete Examples

Empirical Results: Random and Adaptive Random

Similarity Metric
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Euclidean Jaccard Manhattan

JodaTime (JT)
Statement

Choose random because it produces comparable NAPSC scores in less time
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Future

The Future of Regression Testing

Research

• Reproducible research by releasing software tools and data
• Integrate many existing algorithms into a single framework
• Develop new forums for publishing important results

• Software Quality Journal special issue
• International Workshop on Regression Testing

Practice

• Encourage the use of coarse-grained information
• Try to apply existing tools to industrial programs
• Participate in community events; publish experience reports
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Conclusions

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
• Further develop statistically meaningful empirical results
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Software Quality Improvement through
Repeated Test Execution: An Exploration of

the Present and Future of Regression Testing

Gregory M. Kapfhammer

http://www.cs.allegheny.edu/∼gkapfham/

Thank you for your attention!
Contact me with questions and/or comments!

http://www.cs.allegheny.edu/~gkapfham/
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