Fine-Grained Test Minimization
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@Teast
public void testAdd() {

Complex x = new Complex(?.@6, 4.0):

Complex y = new Complex(5.€, 6.8);

Complex £ = x.add(y);

assertEquals(3.6, z.g2tR2al(), 1.8e-5);

@Test
public void testSubtract() (

Complex x = new Complex(3.6, 4.0);

Complex y = new Complex(5.€, 6.0):

Complex z = x.subtract(y);
assertbquals(-2.6, z.getReal (), 1.08e-5);

@Test
public void testMultiply() (

Complex x = new Complex(3.€, 4.0);

Complex y = new Complex(t.¢, 6.9);

Complex z = x.multiply(y),;

asse~tCquals (2.6, z.getReal (), 1.0e-3);

@ATest
public void testDivide()

Complex dividend = new Complex(3.0, 4.8);

Complex divisor = new Complex(S.€. 6.2),

Complex q = dividend.divide(divisor);
assartEquals(32.6 /7 61.6, gq.getReal (), 1.62-5);
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@Tast
public void testAdd(}) {

Complex x = new Complex(?.é, 4.0):

Complex y = new Complex(5.€, 6.0);

Complex £ = x.add(y);

asse-tEquals (8.6, z.ge2tReal(), 1.9e-5);

@Test

public void testSubtract() (
Caomplex x = new Complex(3.@, 4.0);
Complex y = new Complex(5.€, 6.0);

Complex z - x.subtract(y);
assertbquals(-2.6, z.getReal(}), 1.8e-5);
éTest

public void testMultiply() {

Complex ¥ = new Complex(3.6, 4.0):

Complex y = new Complex(5.9, 6.9);

Complex z = x.multiply(y);
asse~tCquals(-2.6¢, z.getReal(}, 1.0e-5);

RBTest
public void testDivide() (

Complex dividend = new Complex(3.@, 4.8);

Complex divisor = new Complex(5.©. 6.2),

Complex q = dividend.divide(divisor);
assa2rtEquals(32.6 / 61.6, gq.gatReal(), 1.62-5);

%l : Apache Commons Math~
D ComplexTest? X
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@Test

public void testAdd_Subtract_Multiply_Divide() {
Complex x = new Complex(3.0, 4.0);

Complex y = new Complex(5.0, 6.9);

Complex z = x.add(y);

assertEquals(8.0, z.getReal(), 1.0e-5);

Complex z_subtract = x.subtract(y);

assertEquals(-2.¢, z_subtract.getReal(), 1.0e-5);
Complex z_multiply = x.multiply(y);
assertEquals(-9.0¢, z_multiply.getReal(), 1.0e-5);
Complex q = x.divide(y);

assertEquals(39.¢ / 61.8, q.getReal(), 1.0e-5);
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RQ1 : AMICARETANIEDEEERLTWSH ?

LiNes oF CobE (K) TEST CASES

Prod. Test # Par. Redundant %
Collections 12.3 20.3 459 § 110 24 |
Math 45.2 29.1 3,990 § 1,354 34 §
Lang 26.6 41.6 2,344 604 26 §
Email 2.7 3.0 141 § 21 15 ¢
Assert] 6.4 24.7 4,620 § 947 20 %
CheckStyle 16.6 27.0 1,865 § 164 9 3
PMD 42.2 14.3 465 1 192 ’
Lambda] 3.6 4.8 260 ¢
Java-library 24.3 12.2 611 §
JFreeChart 98.5 173 187 §
Accumulo 192.9 13.8 987 1
XmlSecurity  40.0 32:3 941 §
Crunch 24.0 7.2 452 §
Tika 60.5 17 553 §
Log4] 46.2 25.0 1,475 §

Total/Average 642.0 319.6 19,350 |
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__REDUNDANCY EXECUTION TIME Cone COVERAGE  FAULT DETECTION ANALYSIS TIME
' Seconds % Stmt Branch Mut. Score CI/MG/TR (Tot)
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- < | = e @

g 2§ & & & &2 42 & & 2

Collections ok 210 165 § 17.359 16.440 5 84.784.7 723723 400 40.0 71/70/183 (324)
Math " 4,052 1,623 40 § 83.109 72804 12 92.792.7 85.7857 79.0 79.0 101/401/1103 (1,605)
Lang 1,533 563 37 -‘ 11.053 10.376 6 929929 575575 660 66.0 38/43/372 (453)
Email 38 12 32 3§ 7.143 5933 17 54.654.6 50.9509 48.0 48.0 10/12/3 (25)
Assert] 516 207 40 3389 2794 18 95.695.6 922922 630 63.0 244/37/383 (664)
CheckSter 258 122 47 % 26.361 21.035 20 954954 968968 17.0 17.0 172/625/216 (1,013)
PMD 346 203 59 7.550 7.145 5 90.190.1 528528 250 25.0 367/110/32 (508)
Lambda) 109 55 50 § 1468 0924 37 85.285.2 522522 850 85.0 12/6/13 (31)
Java-library { 338 71 21 § 2062 1851 10 96.096.0 60.760.7 54.0 54.0 58/97/215 (370)
JFreeChart 2§ 1,657 374 23 § 2.752 2485 10 955955 47.647.6 24.0 24.0 45/52/205 (302)
Accumulo X £ 683 140 20 “ 65.883 50.794 23 94.794.7 715715 200 20.0 58/333/106 (497)
XmlSecurity ,‘ },(-’ 1,102 1,079 98 § 68.590 57.590 16 78.778.7 54.054.0 68.0 68.0 42/179/142 (363)
Crunch 3 125 83 66 3161.812137.657 15 945945 744744 310 31.0 27/123/20 (170)
Tika 141 54 38 78.970 54350 31 88.488.4 57.557.5 350 35.0 50/673/348 (1,071)
Logd] 711 290 41 $261.987 198343 24 80.580.5 38.738.7 13.0 13.0 48/490/100 (638)
Total/Avcrag 4,639 2,403 5. t 1,819 5,041 3 $799.488 640.521 20 88.088.0 64.364.3 445 44.5 8,034/536
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~ RQ3 : Testleric&>»THfERNIETABMA
A —=BFOETEHREIFEDLSWEHFELTWSH?

REDUNDANCY __EXECUTION TIME Cone COVERAGE  FAULT DETECTION ANALYSIS TIME
Par. Red. Tests Red. Test Stmts ' Seconds(¥) %4 Stmt  Branch Mut. Score CI/MG/TR (Tot)

= — § HIRRED MURREE ) 3

= = a ¢ it ¥ = ® ® 8

& T 8 s > 81 . § 81z g3 &8 3

3] — v Py ~ = - v v L3} &,

Y] ] ] 3] ) ) - ) U 3 ] ) (9] ) Y] L] s

[+ A - m g X @) & &X§ M X m 0 1 =

Collections 110 52 47 210 165 79§ 17.359 16440 5 £84.784.7 723723 400 40.0 71/70/183 (324)
Math 1,354 946 70 4,052 1,623 40 ¥ 83.109 72.804 12 §92.792.7 857857 79.0 79.0 101/401/1103 (1,605)
Lang 604 335 55 1,533 563 37 ¢ 11.053 10.376 6 ' 929929 575575 66.0 66.0 38/43/372 (453)
Email 21 10 48 38 12 32% 7.43 5933 17 §54.654.6 50.950.9 48.0 48.0 10/12/3 (25)
Assert] 947 253 27 516 207 40 % 3389 2794 18 £95.695.6 922922 63.0 63.0 244/37/383 (664)
CheckSter 164 77 47 258 122 47 ¥ 26.361 21.035 20 954954 968968 17.0 17.0 172/625/216 (1,013)
PMD 192 122 64 346 203 59 ' 7.550 7.145 5" 90.190.1 528528 25.0 25.0 367/110/32 (508)
Lambda] 82 42 51 109 55 50§ 1468 0924 37 $85.285.2 522522 850 85.0 12/6/13 (31)
Java-library 86 37 43 338 71 21% 2062 1.851 10 §96.096.0 60.760.7 54.0 54.0 58/97/215 (370)
JFreeChart 111 56 50 1,657 374 237 2752 2485 10 §95.595.5 47.647.6 24.0 24.0 45/52/205 (302)
Accumulo 289 93 32 683 140 20 & 65.883 50.794 23 §94.794.7 715715 20.0 20.0 58/333/106 (497)
XmlSecurity 190 156 82 1,102 1,079 98 & 68.590 57.590 16 §78.778.7 54.054.0 68.0 68.0 42/179/142 (363)
Crunch 78 52 67 125 83 66 §161.812 137.657 15 ‘ 945945 744744 310 31.0 27/123/20 (170)
Tika 75 45 60 141 54 38 % 78.970 54.350 - $88.488.4 575575 350 35.0 50/673/348 (1,071)
Logd] 336 127 38 711 290 41 % 2 80.580.5 38.738.7 13.0 13.0 48/490/100 (638)
TotalfAvcragc 4,639 2,403 52 11,819 5,041 43 £88.088.0 643643 445 44.5 8,034/536
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REDUNDANCY ExecuTioN TiMe _ CODE COVERAGE _ FAULT DETECTION ANALYSIS TIME

Par. Red. Tests Red. Test Stmts Seconds %§ Stmt  Branc CI/MG/TR (Tot)
B S - 22 L .
" e U 3 153 S o)
£ 3 T 3§ - £ BIE 3 S| :
» & T o & T g S ©f g g1 =
S 2 3 S 2 B = s =k = = 2
U ) L) v L U b Y R Y L 4 s
Mm X X R K X @) -4 =2 0 | =
Collections 110 52 47 210 165 79 17.359 16440 5 71/70/183 (324)
Math 1,354 946 70 4,052 1,623 40 83.109 72804 12% £ 101/401/1103 (1,605)
Lang 604 335 55 1,533 563 37 11.053 10376 6 € 92.9929 57.557.5 g 66. 0 3 38/43/372 (453)
Email 21 10 48 38 12 32 7.143 5933 17£54.654.6 50.950.9 §48. 0 % 10/12/3 (25)
Assert] 947 253 27 516 207 40 3389 2794 18 " 95.695.6 92.292.2 g 63. 3.0 | 244/37/383 (664)
CheckStyle 164 77 47 258 122 47 26361 21.035 208954954 96.896.8 } ' 17. . 172/625/216 (1,013)
PMD 192 122 64 346 203 59 7.550 7.145 5 90.190.1 52.852.8 § 25. 25.0 3 367/110/32 (508)
Lambda) 82 42 51 109 55 50 1.468 0924 37 85.285.2 52.252.2§ 85. 0 3 12/6/13 (31)
Java-library 86 37 43 338 71 21 2.062 1851 10%96.096.0 60.760.7 . 0 § 58/97/215 (370)
JFreeChart 111 56 50 1,657 374 23 2.752 2485 10 ", 95.595.5 47.647.6 § 24. 0 3 45/52/205 (302)
Accumulo 289 93 32 683 140 20 65.883 50.794 23 %94.794.7 715715 § 20. 0 3 58/333/106 (497)
XmlSecurity 190 156 82 1,102 1,079 98  68.590 57.590 16% 78.778.7 54.054.0 g 0 | V. 42/179/142 (363)
Crunch 78 52 67 125 83 66 161.812137.657 15§ 945945 74.474.4 §31. 31.0 3} 27/123/20 (170)
Tika 75 45 60 141 54 38 78970 54.350 31§ 88.488.4 57.557.58§35. 350 §  50/673/348 (1,071)
Logd] 336 127 38 711 290 41 261.987198.343 24 £ 80.580.5 38.738.7 g 13. 3.0 | 48/490/100 (638)
Total/Avcragc 4,639 2,403 52 11,819 5,041 43 799.488 640.521 20 ¢ 88 O 88 0 64.364.3 §44. % 8,034/536
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REDUNDANCY

ExecuTioN TIME

Cone COVERAGE

FAuLT DETECTION

ANAIYSIS TIMF

Par. Red. Tests Red. Test Stmts Seconds % Stmt  Branch Mut. Score § CI/MG/ FR ('lot) g

. ; - 7] |53 & 3 ~

£ z§f =©3§ 5 fgeEez 3 8 3

¥ = o S ol = = T} 7] 7] 2
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== - -4 == - -4 O S - n X mn X ea) & =

Collections 110 52 47 210 165 79 17359 16440 5 84.784.7 723723 400 40.0 § 71/70/183 (324) 2

Math 1,354 946 70 4,052 1,623 40 83.109 72804 12 92.792.7 85.7857 79.0 79.0 ¥101/401/1103 (1,605)

Lang 604 335 55 1,533 563 37 11.053 10376 6 929929 575575 66.0 66.0 ] 38/43/372 (453) §

Email 21 10 48 38 12 32 7.143 5933 17 54.654.6 50.9509 48.0 48.0 10/12/3 (25) §

Assert] 947 253 27 516 207 40 3389 2794 18 95.695.6 92.2922 63.0 63.0 244/37/383 (664)

CheckStyle 164 77 47 258 122 47 26361 21.035 20 954954 968968 17.0 17.0 X
PMD 192 122 64 346 203 59 7550 7.145 5 90.190.1 52.8528 25.0 25.0

Lambda] 82 42 51 109 55 50 1.468 0924 37 85.285.2 522522 85.0 85.0 ‘

Java-library 86 37 43 338 71 21 2062 1851 10 96.096.0 60.760.7 54.0 54.0 58/97/215 (370) &

JFreeChart 111 56 50 1,657 374 23 2.752 2485 10 955955 47.6476 240 24.0 45/52/205 (302) b,

Accumulo 289 93 32 683 140 20 65.883 50.794 23 94.794.7 715715 20.0 20.0 58/333/106 (497)

XmlSecurity 190 156 82 1,102 1,079 98  68.590 57.590 16 78.778.7 54.054.0 68.0 68.0 42/179/142 (363)

Crunch 78 52 67 125 83 66 161.812137.657 15 945945 744744 31.0 31.0 27/123/20 (170) f

Tika 75 45 60 141 54 38 78970 54350 31 88.488.4 575575 350 35.0

Logd] 336 127 38 711 290 41 261987198343 24 80.580.5 38.738.7 13.0 13.0 48/490/100 (638)

Total/Avcragc 4,639 2,403 52 11,819 5,041 43 799.488 640.521 20 B88.088.0 64.364.3 445 44.5 8,034/536 V»

O—REtE (C) EFXIVER (MG) TR RZXA1— MEER (TR) h—4JL (Tot)'o)3o
71—XEZDEEHCEAIT IETRHRICDOWT, Testlerl3 15 IRTZ2ITI S5DIC8,034%
(2.28509) =EUL1(FHLT536% (8.9%) )
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