SN Sheffield.

Modeling Readabillity to
Improve Unit Tests

ErmiraDaka José Campos, and Gordon Fraser
University of Sheffield
Jonathan Dorn and Westley Weimer
University of Virginia

ESEC/FSE
2015



d5SPSt 2LISNAREB NBI R

0 !
UAYS UKSé aLISyR Ay O

Moritz Beller GeorgiogGousiosAnnibalePanichellaand Andyaidman When, How, and Why
Developers (Do Not) Test in Their IDEs. FSE 2015



i®; Java EE - evosuite-master/src/test/java/org/evosuite/idnaming/TestiDNaming.java - Eclipse

File Edit 5ocurce Refactor Mavigate Search Project Run Window Help
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* Copyright (C) 2818-20815 Gorden Fraser, fndrea Arcuri and EvoSuite[] -
package org.evosuite.idnaming;

_ﬂ==.*l}| =

o ka

H org.evosuitein =
i org.evesuitein # import com.examples.with.different.packagename.Calculator;[]
i org.evosuitein

[V I ]

M org.evosuiteju public class TestIDNaming extends SystemTest {

Bl L kDRI R

L

B org.evosuiteju

@Test

e public woid testIDNamingOn() {

i org.evosuite,ju EvoSuite evosuite = new EvoSuite();

B org.evosuite.pe

T org.evosuitere string targetClass = SnippetInputContainer.class.getCanonicalName();

H org.evosuitere

i org.evosuite,ju

Properties.TARGET CLASS = targetClass;
) : Properties.TD NAMING = true;

i org.evosuitern : Properties.JUNIT TESTS = true;

i org.evosuitese StringBuilder analysisCriteria = new StringBuilder();

i org.evosuitese 1 analysisCriteria.append(Properties.Criterion.METHOD); analysisCriteria.append(”,");
analysisCriteria.append(Properties.Criterion.QUTPUT); analysisCriteria.append(”,");

analysisCriteria.append(Properties.Criterion.BRANCH) ;

Properties.ANALYSIS CRITERIA = analysisCriteria.toString();

B org.evosuitern

l-lj org.evosuite.se
1 org.evosuite.se
B org.evosuitest
g org.evosuitest Properties.CRITERION = new Properties.Criterion[371:

4 org.evosuitest i

org.evosuite.s . . o]
$ nrs EvosUite 5; gu JUnit &3 & 4 a® &l mu| o
5 org.evosuite.sy Finished after 70.833 seconds
i orgevosuitesy  Runs: 2/2 B Errors B Failures: 1 I ——
B org.evosuitesy
B org.evosuite.sy Ei:'—_| testiDMaming Off (27.586 =) = Failure Trace

-

- W ““"'"'i’f“;" gl testiDNamingOn (39,898 <) {'
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public voidtestFactory weeksBetween RInstgrit
DateTimestart =new DateTim€2006, 6, 9, 12, 0, 0, 0, PARIS);
DateTimeendl =new Date Tim€2006, 6, 30, 12, 0, 0, 0, PARIS);
DateTimeend2 =new Date Timg€2006, 721, 12, 0, 0, 0, PARIS);

assertEqual8, Weeks.weeksBetweéstart, endl)getWeeks));
assertEqual®, Weeks.weeksBetweéstart, start)getWeeks));
assertEqual®, Weeks.weeksBetweéendl, end1lpetWeeks));
assertEquals3, Weeks.weeksBetweéendl, startlgetWeeks));
assertEqual®, Weeks.weeksBetweéstart, end2)getWeeks));

public void test16(throws Throwable{
WeeksweeksO=WeeksZERO
Weeksweeksl= weeks0.minus(3);
InstantinstantO=new Instant{(long) 3);
DateTimedate TimeC= instant0.toDateTime();
LocalDatdocalDateO= dateTimeO.toLocalDate();
LocalDatdocalDatel= localDate0.minus(weeksl);
Weeksweeks2=Weeks.weeksBetwegReadablePartidllocalDatel,ReadablePartijllocalDate0);
assertEquals3, weeks2.getWeeks());




What istest case readability?

testd() throws Throwable {
Charset charset0 = Charset.defaultC harset();
Locale locale0 = Locale.CHINESE:

i i I b A;;::ag;g;iz;/:f;izr:j;i:;pr/:Zliggglzzlzz;hFunction0: null
A & xh& ease with which a written text can be e
er : messageDigestHashFunction0 = ney

v MessageDigeerashFunmon( "UTF-8", "UTF-8");
failf "Expecting exception: AssertionError");

Jcatc h(AssertionError el{

A & (i stéeor quality of beingreadableb ¢

A ¢ lquality of writing (print or handwriting)that can |
beeasilyNB | R ®€




Hypothesis

Improving readability of testases leads to improved software quality:

ALess human effort
AEasy understandable test cases
AEasy maintainable tesiases

AEasy maintainable software



How can we measure readability
on unit tests?

public voidestFactory weeksBetween_RInst@rt public void test16(¥hrows Throwable {
DateTimestart =new Date Tim¢20086, 6, 9, 12, 0, 0, 0, PARIS); WeeksweeksO=WeeksZERQ
DateTimeendl =new Date Tim¢2006, 6, 30, 12, 0, 0, 0, PARIS); Weekswveeksl= weeks0.minus(3);
DateTimeend2 =new Date Tim¢2006, 721, 12,0, 0, 0, PARIS); InstantinstantO=new Instant((long) 3);

DateTimedate TimeC= instant0.toDateTime();

assertEqual8, Weeks.weeksBetweéstart, end1)getWeeks)); LocalDatdocalDate(= dateTimeO0.toLocalDate();
assertEqual®, Weeks.weeksBetweéstart, start)getWeeks)); ] LocalDatdocalDatel= localDate0.minus(weeks1);
assertEqual®, Weeks.weeksBetweémndl, end1lpetWeeks)); Weekswveeks2=Weeks.weeksBetwefreadablePartidllocalDatel, ReadablePartigllocalDate0);
assertEquals3, Weeks.weeksBetweéendl, start)getWeeks)); assertEquals3, weeks2.getWeeks());
assertEqual®, Weeks.weeksBetweéstart, end2)getWeeks)); }

}










Test readability judgments

rnechafﬂca[turk public void test3() throws Throwable

LongAdder longAdder() = new LongAdder();

longAdder0.reset () ;
assertEquals (0, longAdderO.shortValue()):;
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Test readability judgments

A15,669 human judgments of readability

: 2
2 SN
3 S )4 \

S - / \

<
o

2.0 2.5 3.0 3.5 4.0 4.5

scores



4.5

4.0

scores

3.0

2.5

2.0

, , , , ,
80 90 v0 <¢0 00

fusuaq



publicvoidtestO() throws Throwable {
Stri
Strin "1

MessageDigestHashFunctioressageDigestHashFunctiond = null;

;_ try {,

\

|

(messageDigestHashFunctionewMessageDigestHashFunct(stringO, stringl); |

I

I

|} catch@ssertionErroe) {
; /]
I
I
I

Il

/I java.security.NoSuchAlgorithmExceptidiessageDigestot available

Test Length = 10
Unique ldentifiers = 3
Max Line Length = 77
Has Exception = True
Constructors = 1
Assertions =0

String Length = 1
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aVma|>c<)6idsc,antifier_Iength total _keywords avg_blank_lines avg digitstotal_casts e assertions
- _ _ — Y |
iotal stri 9_100p total_distinct_classes  avg_class_instances total_strlng_lengjcgthal foats 9
{0 method_invocations total_blank_lines | max_characters ~ —avg_distinct_methods
max tokens total_loops tot?l_assertlons avg_unique_identifiers
— T max_types Qi -
- to%al_add|t|onal_assert|ons_yp max_d|g|t§ total_exceptions total_halstead_effort
total_ldenltlfler__ra |o_d . — tottarlll_has_assertlons max_“ne_leg\gthdism\%)t(—&%ztés‘es
ers  avg_string_len .
total_unique_aentr J_string_lend total_digits total_branchesg_ ~ total_byte_entropy
total characters max_unique_identifiers _ max_booleanstotal_d|st|nc¥_methods

max_string_length

i i avg_tokens avg_branches  (ota] exceptional_comments _
avg_method_|nvocatlongvg_ﬂoats - P - avg_single_character:

total_assignments  avg_comparison_operations avg_.numl.:).ers totam%%%ays total_comparison_operations
max_distinct_methods  total method_ratio Max_identifiers —  fotal_string_score avs_parentheses

max_method_invocations total_indentation avg_arithmetic_operations ...~ imbers

. L. \Y; mmen ' e
total_unused_identifiers avg_comments avg_ nulls total_field_accesses

total_single_characters max_single_characters total_parentheses
total_booleans S max_indentation max charoccin test

avg_field_accessedotal_commas total nulls avg_line_length max identifieroccin
total types  avs_commas _ avs_spaces max_commas
avg_booleans  avg_types .. ooioq  2ve-indenation ~ avgarmays  total halstead volume

avg_casts : _ _ avg_identifiers - : .
total_line_length total_arithmetic_operations max_floats max charoccin line | .t.otal_u.jen.tlf ers
avg_keywords max identifieroccin line

total _tokens avs_periodst total periods max_keywords

. - e total identifier length
max strings avg_identifier_length - - total_spaces

otal _numbers
total comments total_test length



High dimensional feature space

IMPORTANQ@ reduce noise, overfittinggfficiency.

AA feature is good when it is relevant but not redundant to the other
relevant features.

AFeature selection improves quality of learnilgorithm.



Feature selection

AWrapper
AForward feature selection
ABackward feature selection
ASelect one feature at time
ASelect by leaving one feature out

AFilter
ARelietF
ACorrelation



Forward Feature Selection

Select one Calculate Sort Performance

Empty set additional performance & performance &agreement

feature 02T & agreement improved
agreement

Final selected features
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aVma|>c<)6idsc,antifier_Iength total _keywords avg_blank_lines avg digitstotal_casts e assertions
- _ _ — Y |
iotal stri 9_100p total_distinct_classes  avg_class_instances total_strlng_lengjcgthal foats 9
{0 method_invocations total_blank_lines | max_characters ~ —avg_distinct_methods
max tokens total_loops tot?l_assertlons avg_unique_identifiers
— T max_types Qi -
- to%al_add|t|onal_assert|ons_yp max_d|g|t§ total_exceptions total_halstead_effort
total_ldenltlfler__ra |o_d . — tottarlll_has_assertlons max_“ne_leg\gthdism\%)t(—&%ztés‘es
ers  avg_string_len .
total_unique_aentr J_string_lend total_digits total_branchesg_ ~ total_byte_entropy
total characters max_unique_identifiers _ max_booleanstotal_d|st|nc¥_methods

max_string_length

i i avg_tokens avg_branches  (ota] exceptional_comments _
avg_method_|nvocatlongvg_ﬂoats - P - avg_single_character:

total_assignments  avg_comparison_operations avg_.numl.:).ers totam%%%ays total_comparison_operations
max_distinct_methods  total method_ratio Max_identifiers —  fotal_string_score avs_parentheses

max_method_invocations total_indentation avg_arithmetic_operations ...~ imbers

. L. \Y; mmen ' e
total_unused_identifiers avg_comments avg_ nulls total_field_accesses

total_single_characters max_single_characters total_parentheses
total_booleans S max_indentation max charoccin test

avg_field_accessedotal_commas total nulls avg_line_length max identifieroccin
total types  avs_commas _ avs_spaces max_commas
avg_booleans  avg_types .. ooioq  2ve-indenation ~ avgarmays  total halstead volume

avg_casts : _ _ avg_identifiers - : .
total_line_length total_arithmetic_operations max_floats max charoccin line | .t.otal_u.jen.tlf ers
avg_keywords max identifieroccin line

total _tokens avs_periodst total periods max_keywords

. - e total identifier length
max strings avg_identifier_length - - total_spaces

otal _numbers
total comments total_test length



max_identifier_length
avg_loops
total floats

_ max_characters
total _assertions

total _exceptions

total_identifier__ratiol B _ total has assertions max_line_length
total_unique_identifiers avg_string_length

total_distinct_methods
tal token_entropy

total_class_instanceté)
avg_branches

total method ratio . . .
— — avg_arithmetic_operations

avg_nulls

max_nulls

total_line_length total_identifiers

total numbers | -
_ avg_identifier length total_identifier_length



Feature predictive power

max line length
total identifier length
avg identifier length
total constructor calls
total line length
max identifier length
total unique identifers I — —
total identifiers
total distict method s |
token entropy I
total floats I
max nulls
avg string lengti
total numbers I
avg loops I
avg nulls I
identifier ration I
has exceptions I
total assertions I
avg branches m—
max characters
avg arithmetic operators
method ratio m
has assertions

0 0.1 0.2 0.3 0.4 0.5

0.6
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Machine Learning Model

EVa=SUITE

Readable
test case



Readable test generation

AForatestl f & m &> withHcavXrage goawe:
Aiterate over the statements in the test from the last to the first statement
AFor each statement we determine the possible set of replacement statements
AC2NJ SIF OK OF YRARIGS NBLI I OSYSYl G4Q ¢
ATests are then sorted based on their readability score

Foo foo = new Foo();
Barbar= new Bar (fiSome parametero, 17):;

foo.setBar(bar);
assertTrue(foo.isBar());

Foo foo = new Foo();
Bar bar = new Bar(); Bar bar = new Bar();
foo.setBar(bar); assertFalse(foo.isBar())

assertTrue(foo.isBar());




EVALUATION ...



RQ1: Code vs. Test Readabillity

VS.
Test ReadabilityiiViedel

Buse& Weimer Posnett



