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Class under Test

® () ® ") Java - comparators/src/java/collections/comparators/FixedOrderComparator.java - Eclipse - /Users/jmr/Papers/evosuite-stu...

T DN QO R HG @S iR m il il G
[ ]2 |8 Java 4 Debug
f% Packag % Junit = B )] FixedOrderComparator.ja 82 ' |J| FixedOrderComparator_E 1) FixedOrderComparator_E e E
g & - 142 * @param unknownObjectBehavior the value for unknown behaviour - [e])
~ - 143 * UNKNOWN_AFTER, UNKNOWN_BEFORE or UNKNOWN_THROW_EXCEPTION e
¥ ;= comparators 144 * @throws UnsupportedOperationException if a comparison has already been pet @
v (Zsrc/java 145 * @throws IllegalArgumentException if the parameter <code>unknownObjectBehay L
> £ collections 146 * is not valid.
v [# collections.comparators 147 */ -~
» |J] FixedOrderComparato =~ 1% public void setUnknownObjectBehavior(int unknownObjectBehavior) { =
> 1 collections.functors 149 c.:heckLocked();_ .
> 1 collections.map 158 if (unknownObJect.Behavmr'. I= UNKNOWN_AFTER
'-;g‘l 151 && unknownObjectBehavior != UNKNOWN_BEFORE
> @test 152 && unknownObjectBehavior != UNKNOWN_THROW_EXCEPTION) {
» m\ JRE System Library [JavaSE 53 throw new IllegalArgumentException("Unrecognised value for unknown b
V = JUnit 4 154 }
> @: junit.jar - /Users/jmr/Systi 155 this.unknownObjectBehavior = unknownObjectBehavior;
b (ms org.hamcrest.core_1.3.01 156 }
> =5\ Referenced Libraries 15? . . .
> ;% evosuite-tests lSa public boolean add(Object obj) {
159 checkLocked();
.%E:SFC Wi, 160 Object position = map.put(obj. new Integer(counter++));
(= target 161 return (position == null);
162 }
163
164 public boolean addAskEqual(Object existingObj, Object newObj) {
165 checkLocked();
166 Integer position = (Integer) map.get(existingObj);
167 if (position == null) {
168 throw new IllegalArgumentException(existingObj + " not known to " + A
169 }
w170 Object result = map.put(newObj, position);
171 return (result == null);
172 }
173
174 // Comparator methods
175 /) mmm e -
Writable Smart Insert 230: 33
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> (Best 152 && unknown0 | 4 W:= & Java 5 Debug

b =, JRE System Library [JavaSE 153 throw new I F

'!‘ﬁ‘grf“f‘_ ‘ 154 o . % Packag X Junit = B )] FixedOrderComparator.ja |J] FixedOrderComparator_E +J] FixedOrderComparator E 83 = = & E
> E;]unHJar—/UsmsAnnVSysh ;55 this.unknownOby P 2@ * This file was automatically generated by EvoSuite[] [
b (s org.hamcrest.core_1.3.0.n 156 } =S v 5 -

> =, Referenced Libraries 157 \ 4= t : .

S % . 1586 public boolean add( .l,Jlf;mpa!’a ors L package collections.comparators; (@
;& evosuite-tests - v #src/java 7 2
= sre 159 checkLocked(); » 1 collections #@ import static org.junit.Assert.assertEquals;|) &
-{""t ; 160 Object position 5 coll a ’ =
(= targe 16" I ¥ [ collections.comparators v

l%% return (positig . . 21 @RunWith(EvoRunner.class) @EvoRunnerParameters(useVNET = true)
162 } » |J] FixedOrderComparato o - . : -
o . 22 public class FixedOrderComparator_ESTest extends FixedOrderComparator_ESTest_sca
163 > £} collections.functors '3
i:i- publiﬁ bﬁfleﬁ"d‘ég‘-m > [# collections.map 245 @Test
e ; :C ocke e > (Htest 25 public void test@d() throws Throwable {
- -Eeger positia > =i, JRE System Library [JavaSE 26 Object[] objectArray® = new Object[5];
167 if (position == ) . . . . .
P v =i, JUnit 4 27 Object object® = new Object();
168 throw new I —_ ) 'o baectA or1 biecto:
169 } P [ad junit.jar - /Users/jmr/Syst £8 objectArray [1] =0 jecto; . _
3170 Object result - >|§;on;hamcmstcom_130A :: ?}xejgrgergomparatoroflxedOrderEgmpa;atorg ; newa1xegOTderComparator(objm
171 return (result > m) Referenced Libraries 30 ixedOrder omparator'.compare(o ject rray'[ ], object®);
177 } > cil ) 31 boolean boolean® = fixedOrderComparator®.isLocked();
B & ovosuite-tests 32 assertTrue(booleand);
173 Lsrc
4 fii 33 }
}ii // Comparator metha (= target 34
L A 352  @Test
‘VWﬂabb ‘ Snl 36 public.void tes?@l() throws Throwqble {
37 Object[] objectArray® = new Object[5];

— 38 Object object® = new Object();

39 Object objectl = new Object();
49 objectArray@[3] = objectl;
41 objectArray@[4] = object®;
A T 42 FixedOrderComparator fixedOrderComparator® = new FixedOrderComparator(obje:
U _Ol I Ia e 43 int int@ = fixedOrderComparator®.compare(objectl, object®);
44 assertTrue(fixedOrderComparator@.isLocked());

45 assertEquals((-1), int@);
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@throws UnsupportedOperationException if a comparison has already been pet
@throws IllegalArgumentException if the parameter <code>unknownObjectBehay
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Branch Coverage

checkLocked(); Q Q L Java comparators/evosunte tests/colIectlons/comparators/leedOrderComparator ESTest.java - Eclipse - /Users/jmr/Paper...
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&& unknown( '
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o . % Packag X Junit = B )] FixedOrderComparator.ja |J] FixedOrderComparator_E +J] FixedOrderComparator E 83 = = & =
} this.unknownOby 5 & - 2@ * This file was automatically generated by EvoSuite[] o
= 5 LY
\ 4 _‘/Jcom arators i :
public boolean add( - Es::;/Java L package collections.comparators; E@;}
checkLocked(); el , P . L . z\
Object position > %CO::SCUOHS ”E:*_- import static or‘g.Jumt.Asser‘t.asser‘tEquals,[] =
e ¥ [ collections.comparators £
return (positie 'l> . _l @RunWith(EvoRunner.class) @EvoRunnerParameters(useVNET = true)
} )| FixedOrderComparato : [
. 22 public class FixedOrderComparator_ESTest extends FixedOrderComparator_ESTest_sca:
> £} collections.functors )3
public boolean addA » [# collections.map 245 @Test
‘lfh:CkL“ked?i? > (Btest 25 public void test@@() throws Throwable {
2 Eger.zc_)m 12 > =i, JRE System Library [JavaSE 26 Object[] objectArray® = new Object[5];
b Zsi;wlzzw_i v =), JUnit 4 27 Object object® = new Object();
} > @: junit.jar - /Users/jmr/Syst 28 objectArray@[1] = object®;
Object result - > @ org.hamcrest.core_1.3.0.1 29 F?xedOr‘derCompar‘ator fixedOr‘der‘Cgmpar‘ator@ = new IfixedOr‘derComparator‘(objeu
turn Cresult > m\, Referenced Libraries 30 fixedOrderComparator®.compare(objectArray@[1], object®);
} re > cai ] 31 boolean boolean® = fixedOrderComparator®.isLocked();
d= evosuite-tests 32 assertTrue(boolean®);
= src EER.
// Comparator metha (= target 34
A 355 @Test
‘ Writable ‘ Sn'l 36 public.void test.01() throws Throwqble {
37 Object[] objectArray® = new Object[5];

— 38 Object object® = new Object();

39 Object objectl = new Object();
49 objectArray@[3] = objectl;
41 objectArray@[4] = object®;
A T 42 FixedOrderComparator fixedOrderComparator® = new FixedOrderComparator(obje:

U _Ol I Ia e 43 int int@ = fixedOrderComparator®.compare(objectl, object®);

44 assertTrue(fixedOrderComparator@.isLocked());
E 45 assertEquals((-1), int@);

46 }
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Runs: H Errors: Failures: 147 */ 2
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= i L ) . . .. . . .
= Failure Trace -+ 164= public boolean addAsEqual(Object existingObj, Object newObj) {
165 checkLocked();
166 Integer position = (Integer) map.get(existingObj); o‘:snzurgngx[s:{l_
@167 if (position == null) { Ob'ect()-J ’
168 throw new IllegalArgumentException(existingObj + " not known to " + - eciO' ’
169 } N2 . .
Lo : : — fixedOrderComparator® = new FixedOrderComparator(obje:
170 Object result = map.put(newObj, position); .compare(objeZtAr'r'aya[l], object®); P ’
’i_l } S sl =2 L xedOrderComparator®.isLocked();
173
174 // Comparator methods
175 YA et e e L L T m
’ Writable ‘ Smart Insert ‘ 230: 33 : pws Thr‘gqul:ts:{lz
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mowect();

39 Object objectl = new Object();
49 objectArray@[3] = objectl;
‘ 41 objectArray@[4] = object0;
A T 1 42 FixedOrderComparator fixedOrderComparator® = new FixedOrderComparator(obje:
U _Ol I Ia e 43 int int@ = fixedOrderComparator®.compare(objectl, object®);
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S 100% BRANCH COVERAGE ENOUGH?

@Test
volid test9(){
ArrayIntList 1
new ArrayIntList();
// Undeclared exception!
try {
int 1nt0 = l.set (20, 20);
fail ("Expecting IOOBExc”);
} catch(IOOBExc e) {
// Should be at least 0
// and less than 0,
[ EotnelE=

// Class ArrayIntList
PSS eI nt set(int idx,
int element){
checkRange (1dx) ;
incrModCount () ;
int oldval = data[idx];
~data[idx] = element;
return oldval;

Class Under Test Test Suite



S 100% BRANCH COVERAGE ENOUGH?

@Test
volid test9(){
ArrayIntList 1
new ArrayIntList();
// Undeclared exception!
try A
int 1nt0 = l.set (20, 20);
fail ("Expecting IOOBExc”) ;
} catch(IOOBExc e) {
// Should be at least 0
// and less than 0,
[/ Eonnd =210

// Class ArrayIntList
plbiEeint set(int idx,
int element){
checkRange (1dx) ;
incrModCount () ;
int oldval = data[idx];
_data[1dx] = element;
return oldval;

Class Under Test Test Suite



S 100% BRANCH COVERAGE ENOUGH?

@Test
// Class Complex void testl() {
public Complex log()({ Complex c0 = new Complex(NaN);
if (isNaN) return NaN; Complex cl = cO.pow(NaN);
double r = log(abs()); double d = cl.getArgument();
double 1i; assertEquals(NaN, d, 0.01);
1 = atan2(imaginary, real); }
return createComplex(r, 1); @Test
} void test2() {
public Complex pow(double x){ Complex c0 = Complex.ZERO;
Complex ¢ = this.log(); Complex cl = cO.pow(cO0);
return c.multiply(x).exp(); assertFalse(cl.isInfinite());
} assertTrue(cl.isNaN());
}

Class Under Test Test Suite



S 100% BRANCH COVERAGE ENOUGH?

@Test
// Class Complex void testl() {
public Complex log(){ Complex ¢c0 = new Complex(NaN) ;
if (isNaN) return NaN; Complex cl = cO.pow(NaN);
double r = log(abs()); double d = cl.getArgument();
double 1i; assertEquals(NaN, d, 0.01);
1 = atan2(imaginary, real); }
return createComplex(r, i); @Test
} void test2() {
public Complex pow(double x)/{ Complex c0 = Complex.ZERO;
Complex ¢ = this.log(); Complex cl = cO.pow(cO0);
return c.multiply(x).exp(); assertFalse(cl.isInfinite());
} assertTrue(cl.isNaN());
}

Class Under Test Test Suite
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E., COVERAGE CRITERIA)

4 )
—
// Class Complex —
public Complex log(){ —
1 1f (isNaN) return NaN; E
2 double r = log(abs()); ——
: - _/
B double 1: .
4 1 = atan2(imaginary, real); E
5 return createComplex(r, 1); - ~
1 e—
public Complex pow(double Xx) E
throws NullArgumentException{ E
6 Complex ¢ = this.log(); e—
—

7 return c.multiply(x).exp(); _ Y
}




F\TN £S5 FUNCTIONS

E., COVERAGE CRITERIA)

4 )
// Class Complex ==
—
1 1f (1isNaN) return NaN; E
2 double r = log(abs()); C——
: - /
B double 1: :
4 1 = atan2(imaginary, real); E
5 return createComplex(r, 1); - N
1 —
throws NullArgumentException{ E
6 Complex ¢ = this.log(); —
7 return c.multiply(x).exp(); \=)

}

Method Coverage



F\TN £S5 FUNCTIONS

E., COVERAGE CRITERIA)

4 )

// Class Complex

public Complex log(){ lc.log() |

IS

1 1f (1sNaN) return NaN; 'E‘
2 double r = log(abs()); C——
: - /

B double 1: 5

4 1 = atan2(imaginary, real); E

5 return createComplex(r, 1); p N

} —
throws NullArgumentException({ lc.pow(x)

6 Complex ¢ = this.log(); —

7 return c.multiply(x).exp(); \=j

}

Top-level Method Coverage



F\TN £S5 FUNCTIONS

E., COVERAGE CRITERIA)

4 )

// Class Complex

public Complex log(){ lc.log() |

IS

1 1f (1sNaN) return NaN; 'E‘
2 double r = log(abs()); C——
: - /

B double 1: 5

4 1 = atan2(imaginary, real); E

5 return createComplex(r, 1); p N

} —
throws NullArgumentException({ lc.pow(x)

6 Complex ¢ = this.log(); —

7 return c.multiply(x).exp(); \=j

}

Top-level Method Coverage No exception



F\TN £S5 FUNCTIONS

E., COVERAGE CRITERIA)

4 )
// Class Complex —
public Complex log(){ E
1 ] 1f (isNaN) return NaN; E
2 | double r = log(abs()); C——
: - /
3 | double 1; .
4 | 1 = atan2(imaginary, real); E
5 | return createComplex(r, 1); - ~
} e
pliblic Complex pow(double Xx) E
throws NullArgumentException{ E
6 | Complex ¢ = this.log(); —
7 ) return c.multiply(x).exp(); \=)

Line Coverage



F\TN £S5 FUNCTIONS

E., COVERAGE CRITERIA)

4 )
// Class Complex —
public Complex log(){ ==
2 double r = log(abs()); C——
: - J
B double 1: .
4 1 = atan2(imaginary, real); E
5 return createComplex(r, 1); - ~
} e
public Complex pow(double Xx) E
throws NullArgumentException{ E
6 Complex ¢ = this.log(); —
7 return c.multiply(x).exp(); \=)

}

Branch Coverage



F\TN £S5 FUNCTIONS

E., COVERAGE CRITERIA)

4 )
// Class Complex —
public Complex log(){ :c.log()l
B AN ) return Nan; —
2 double r = log(abs()); C——
: - /
B double 1: .
4 1 = atan2(imaginary, real); E
5 return createComplex(r, 1); - ~
} e
public Complex pow(double Xx) E
throws NullArgumentException{ E
6 Complex ¢ = this.log(); —
7 return c.multiply(x).exp(); \=)

}

Direct Branch Coverage



F\TN £S5 FUNCTIONS

E., COVERAGE CRITERIA)

4 )
C——
// Class Complex —
public Complex log() ==
1 1f (isNaN) return NaN; E
2 double r = log(abs()); C——
: - /
B double 1: .
4 de—abaRd{imagi-RaEy—real)i :
5 return createComplex(r, 1); - N
} e
public Complex pow(double x) E
throws Nul}ArgumentException{ E
6 Complex ¢ = this.log(); —
7 return c.multiply(x).exp(); \_ J

}

Weak Mutation



F\TN £S5 FUNCTIONS

E., COVERAGE CRITERIA)

4 )
// Class Complex —
public Complex log(){ E
1 1f (isNaN) return NaN; E
2 double r = log(abs()); C——
, _ _ Y,
3 double 1:; :
4 1 = atan2(imaginary, real); {0
5 return createComplex(r, i); LT - “
1 e
public Complex pow(double x) E
throws NullArgumentException({ E
6 Complex c = tr.1is.log(); B E
Z return c.multiply(x).exp(); { seaci ) \_ Y

Output Coverage
(e.g., Alshahwan and Harman, ISSTA'[4)



F\TN £S5 FUNCTIONS

E., COVERAGE CRITERIA)

4 )
// Class Complex —
public Complex log(){ ==
1 1f (isNaN) return NaN; E
2 double r = log(abs()); C——
: - /
B double 1: :
4 1 = atan2(imaginary, real); E
5 return createComplex(r, 1); - N
1 e
public Complex pow(double x E
—
6 Complex ¢ = this.log(); —
7 return c.multiply(x).exp(); \=)

}

Number of exceptions
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RESEARCH QUESTIONS

- RQI.What are the effects of adding a second coverage
criterion on test suite size and coverage!

- RQ2. How does combining multiple coverage criteria
ERilEEReE e test suite size!

* RQ3. How does combining multiple coverage criteria affect
the performance of the constrtuent criteria?

- RQ4. How does coverage vary with increasing search budget!
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CONCLUSIONS

 [he desired properties of a test suite are multi-faceted

* Practical coverage criteria to guide search-based test generation
» Combination of multiple criteria is feasible
» Really useful for practitioners!

* Non-functional criteria: readabllity, execution time

» Conflicting optimisation goals



