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Code Coverage

Element Missed Instructions+  Cov. Cov.
@ Rank.Pair 68% 66%
@ Rank.TwoPair 69% 50%
© Card p——t 66% 90%
@ Rank HighCard = 57% 50%
© Rank FourOfKind = 57% 50%
@ Rank.Straight — 57% 50%
® TwoCards p— 69% 50%
© Cards 89% 78%
© Rank ThreeOfKind p=— 1% 50%
© Winner p— 74% 50%
© BankFlush = 72% 50%
@ Rank.StraightFlush = 70% 50%
© RankFormatter 94% 75%
@ ThreeCards = 71% na

$ mvn org.jacoco:jacoco-maven-plugin:prepare-agent
$ mvn package
$ mvn org.jacoco:jacoco-maven-plugin:report
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$ mvn org.pitest:pitest-maven:mutationCoverage

Mutation coverage complements Unit Test coverage
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Designing a mutation framework

Implementing the framework

Going further

(g

Orchestrating the process

#!/usr/bin/env bash Prepare the environment

Clean temporary files, .
ORIGINAL=$1
HOW_MANY MUTANTS=$2
HOW_MANY_ MUTATIONS=$3

Prepare mutants
Inject the mutations

A X Run test on mutants

function main()

{ - Vme {my,..
prepare_environment
prepare_mutants
run_tests_on_mutants
extract_results

Y

* mvn clean test
Extract results

Aggregate surefire results

File: prof-x.sh

Which abstractions dowe need for mutations? ﬁ




Which abstractions dowe need for mutations?

+ Find the spots where a mutation can be used
- Rewritea given program at a given spot
- Trace the mutations

* Read the configuration eg. mutation leved

Which abstractions do we need?

[mutations \ E Rewrit
‘ @ rorer
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© mutate(p: Program, howMany: Int)
© run() © getFinder(): Finder<Element>
m randomMutation(): Mutator 4
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Find the spots
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- Find the spots S
- Rewrite
- Trace

- Configure
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I; Implementing the framework

Going further

Thisisa walkthrough

$ git checkout teaching

Locating Nullable ret urn instructions 3 -

public class ObjectReturn implements Finder<CtReturn<?>> {

@override
public Set<CEREEUENL?>> findCandidates(Launcher program, int howMany) {
List<CtReturn<?>> queried =
program.getModel () .getRootPackage().filterChildren(
(CtReturn<?> r) ->
).list();
Collections.shuffle(queried);
return queried.stream().limit(howMany).collect(Collectors.toSet());
}
¥

Inside program, locate return instructions that are nullable

®




Return nul linsteadofanobject

public class ReturnNull extends Rewriter<CtReturn<?>> {
@override
protected void rewrite(_, Factory factory) {

e.replace(snippet) ;

Substitute a given return instruction by a “return null” snippet

19

2@

(reate a Mutator to introduce null pointers ®

protected Finder<CtReturn<?>> getFinder() {
return new ObjectReturn();

llPointer d

Mutator<CtReturn<?>> {

} —~

@override
protected Rewriter<CtReturn<?>> getRewriter() {

return new ReturnNull();
}

) Register the mutator

private Mutator<?> randomMutator() {
List<Mutator<?>> available = new ArrayList<>();
// Add available mutators here
(new IntroduceNullPointer());
Collections.shuffle(available);
return available.get(0);

Strategy pattern (GoF)

Mutating the code!

package com.kata.poker;
public class ThreeOfKindRule implements Rule {
7
@Qoverride
public Rank apply(Hand hand) {
ThreeCards threeCards = hand.selectThreeCardsWithTheSameValue().get();

package com.kata.poker;
public class ThreeOfKindRule implements com.kata.poker.Rule {
/..

@java.lang.Override

com.kata.poker.ThreeCards threeCards =
hand.selectThreeCardsWithTheSameValue().get();

>
¥

public com.kata.poker.Rank apply(com.kata.poker.Hand hand) ({]

Running the framework

mosser@loki mutation-demo % ./prof-x.sh poker-hands-kata 4 1
# Preparing Mutants

@override
public String toString() {
return format("Straight{highestCard=%s}",
highestcCard);

ID, Mutation, File, Line, Column
mutants/mutant_1,ReturnNull,Rank.jav:
mutants/mutant_2,ReturnNull
mutants/mutant_3,ReturnNull,TwoCards.java,19,9
mutants/mutant_4,ReturnNull }

34,13

# Testing Mutants

## Processing mutants/mutant_1
## Processing mutants/mutant 2
## Processing mutants/mutant 3
## Processing mutants/mutant 4

@override
public String toString() {
return String.format("TwoPair{first=%s, second=%s}",
firstPairValue, secondPairValue);

# Extracting results

1D, Tests, Failures, Errors

We should be more
picky while selecting!
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Designing a mutation framework

Implementing the framework

Going further
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Introducing new Mutators?

Flip conditions
- Substitute && by ||, or< by 2, ..
Make conditionals constants

iftx >0 |ly<17 && a veryComplexTest()) { .. | = if (true) { .. ]
Flip conditionals

Negate the condition, or switch the branches
“All objects are created equals”

Make the equals function always return true

Rewriting the program is not the difficult part!
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