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Who is Markus?

» Development engineer, ABB 2007-2010
— Process automation
— Editor and compiler development

* PhD student, Lund University 2010-2015

— Requirements engineering and testing

— Traceability, change impact analysis

« Senior researcher, RISE 2015-

LET'S PUT
OUR HEADS
TOGETHER.

TO KEEP
AHEAD.

SE Research Institutes of Sweden




Non-research Markus

o .‘-..:.-“\

 Adjunct lecturer (20%), Lund University By 2|
— Teaching software engineering LU N D
LUNIVERSITY

« Member of the board, Swedsoft

— Influence decision makers

— Write comment letters 3 SWEDSOFT

— Facilitate networking




STOMAT

PROJECT

Contemporary dilemma. Modern software
teams must optimize for both

Few bugs

Ease of change

Project Goal

Help software teams to increase the
development speed without sacrificing
quality

Advance the state-of-the-art in test
automation

Ericsson, Bombardier,
Saab, System Verification,
Empear, Verifyter, KTH,
MDH, RISE

Comigq, EfiCode,
Ponsse, Siili, Qentinel,
Symbio, Uni.Oulu, VTT

Axini, Testwerk,
TNO, Open Uni.

AKKA, Assystem
Germany EKS,
FFT, Fraunhofer,
IFAK, OFFIS,
Parasoft

R Kuveyt Bank,
SETU BT
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Do you
trust your
test cases?

Ali Parsai

=
P N
4

Sten Vercammen

oy

Universiteit
Antwerpen

yan Callaghan, US Air Force)



High Quality Test = =————=> Fewer Bugs
Suite

How do you know that your test suite is good?

N



Go-to solution: Coverage

&

Al

orgjaxen

org jaxen.dom
rg.jaxen.gom him! /'Y

- e
All Packages @

Classes

BaseXPath (77%)
Context (93%)
ContextSupport (97¢
DefauitNavgator (3¢
mentNa r
DOMXPath (100%)
DocumentNavgator
HTMLXPath (0%)
NamespaceNode (i
DocumentNawvgator
DomdjXPath (100%
‘.e e 1S

Packages 4]
)

Coverage Report
/j} @ ntep:/ /www.cafeconlech v () ‘[g- (a)
Coverage Report - All Packages

Package / #Classes  Line Coverage  Branch Coverage Complexity

All Packages 205 69% 80% 2811
org.jaxen 2477% 73% 1.38
org.jaxen.dom 355% 60% 1.907

org.jaxen.dom htm| P s 1.364
org. jaxen domd| 278% 85% 2395

rg.jaxen expr 73 73%-84%- 1.566
org jaxen.expr.iter 14 98% NN 100% I 1.029
orgaxen function 27 64% N 76 I 5.373
org.jaxen function.ext 6 63% NN 72% . 4235
org.jaxen function.xsit 1 86% NN 100% I 25
org.jaxen javabean 4.44% 72% 1.87
org jaxen jdom 362% 63% 2.897
org.jaxen.pattern 1349% 52% 2.135
org jaxen.saxpath 851% 81% 1.887
org.jaxen.saxpath base 6 95% 100% 10.723
org jaxen.saxpath. helpers 228% 83% 1.34

rgjaxen.util 1541% NI 50 I 2432

g jaxen xom 2 71% [N 66 I 1.783
L3

Reports generated by Cobertura,

Shows how test code exercises
production code

Does not reveal how well we
tested the production code

— Necessary, but not sufficient



our test cases

fault injection!
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Mutant







Mutation Operator

e



l
a+tb a-b a la

a>> a<<b A:b B:b
a==Db al=b a(b) a(b,c)
a<b a<=b adb alb

N
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Competent programmer hypothesis

» Developers are skilled at programming

* Source code is almost correct

* Most software faults are due to small
syntactic errors

Coupling effect

» Simple faults cascade to form other
emergent faults

» Tests that detect small syntactic errors
also detect complex issues




Mutation score

Number of killed mutants

Total number of mutants

(2]



Computationally very expensive!
* One compilation per mutant
* Rerun test cases for each mutant
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Three key strategies to make it feasible

« Do fewer - reducing the number of mutants to execute
* Do smarter — run mutation testing in less naive setups

« Do faster — optimize execution of mutation testing steps

(2]



Change-based mutation testing

« Run mutation testing for
individual pull requests

7 ‘«’ Fewer mutants generated

7
* Fewer results to analyze oueng:aleauest T
L L

Pull Request Close and Merge

Fork/Branch and Workflow Pull Request
Make Changes

i $
3 ©

Main Repository Main Repository

Do fewer

Update Pull
Request

21




Change-based mutation testing

+  Little Darwin (OSS) c 5

\ -
¢ - https://littledarwin.parsai.net/ Antworpen
=

o
S

—

Ali Parsai
Java

Do fewer

« C# mutation testing tool

@ — By Mille Bostrom, not yet OSS

£ SYSTEM

&) VERIFICATION



https://littledarwin.parsai.net/

Focal methods = foci of test cases

* Run only test cases that actually test the code where you

introduced the mutant
i <" faster kills

Do smarter

Sten Vercammen

j /4" A Universiteit

s
Antwerpen

Product <KPACHE ANT>

-—




Toward mutation testing in the cloud

 Parallelize the work in DiMuTesTas tool (OSS) —
— https://github.com/Sten-Vercammen/DiMuTesTas

* Investigate speed-up and bottlenecks

Do smarter

( MM

Master

1]

Sten Vercammen

Worker

K Result queue W &
MMM Universiteit

file server Antwe rpen




Lessons learned

* Time to compile time vs. time to test varies greatly

i ¢ Speed-ups of 12x-13x with 16 workers

0s 0S8
PC | PC | PC | PC

Os 0Os O0s Os

PC | PC | PC

PC | PC

@ inventivedesigners

health
CONNECT

;// \,/

& Intris

Do smarter

Sten Vercammen

oy

Universiteit
Antwerpen




Mutant schemata

Compile for
each mutant

Ve

I
|
|
I
-]

Do faster

Generate mutants

26



Mutant schemata

Compile one |
big meta- |

Insert mutants  JRm— mutant _:

Do faster

Generate mutants @




Mutant schemata

* Big meta-mutants replace numerous seperate mutants

— Add extra parameters to selectively activate mutants

a+b>c ﬁ arithOp(a, b, X) > ¢ Do faster

int arithOp(int opl, int op2, int location) {

switch (variant (location)) {
case aoADD: return opl + op2;
case aoSUB: return opl - op2;

case aoMULT: return opl * op2;

} } i ¢ Reduced compilation time




Mutant schemata

» Ongoing work with SAAB and University of Antwerp

+ Dextool (055)  (G/G4+

— https://github.com/joakim-brannstrom/dextool

Do faster

Sten Vercammen

o

= Universiteit
Christoffer Nylén Antwerpen

/
/
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Combined approaches => tech transfer!

Change- Distribution Mutant schemata
‘ \ based

mutatlons
Affected + +

mutants

Do fewer,

Cl server Test prioritization /
Focal methods

Do smarter,

Prune equivalent, Test 1
invalid, unreachable

Do faster,

Test 2 M
& {@: fest 3 Ready for industry!




Our offer: Tools, support

o Little Darwin, DiMuTesTas (Java)
 DexTool (C/C++)

« Change-based Mutation (C#)

(2]



Our offer: Tools, support... and Sten!

o Little Darwin, DiMuTesTas (Java)
 DexTool (C/C++)
« Change-based Mutation (C#)
« Sten Vercammen
— Joint PhD program Antwerp+Lund

— 6 months in Sweden (2020 or later)

Universiteit
Antwerpen

LUND

LINIVERSITY

all
SE




X X X X X X X
‘Our offer: -~

[ ]

X X X X X X X

Little Darwin, DiMuTesTas (Java)

DexTool (C/C++)

X X X X

Change-based Mutation (C#).

X X X X X X X X X X X X X X
Sten Vercammen . . . . . . .
X X X X X X X X X X X X X X
X X X X X X X X X X X X X X
X X X X X X X X X X X X X X

Markus Borg

W @mrksbrg
mrksbrg.com

RISE Research Institutes of Sweden AB




