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Regression Test Selection Based on Intermediate Code
for Virtual Machines

TosHIHIKO KoJU,t SHINGO TAKADAt and NORIHISA Dorttt

Regression testing is testing applied to software that has been modified. It basically entails
re-testing the software with previous test cases to confirm that the modifications made to
the software do not have an adverse effect. But re-executing all test cases is normally cost
prohibitive, and thus much research has been done on selecting test cases from a test suite
without compromising the reliability of the software. These regression test selection tech-
niques find test cases that will not detect any bugs in the modified software. However, these
techniques are based on analysis of source code. Recent programming environments have
seen a proliferation of virtual machines. For example, programs written in Java and with the
Microsoft .Net Framework are compiled into a platform-independent intermediate code. Such
code could also be used for regression test selection. This especially holds for the Microsoft
.Net Framework which handles various programming languages, such as Visual Basic and C#.
Thus, this paper presents a safe regression test selection technique for virtual machine based
programs. We especially target the Microsoft .Net Framework. Evaluation on 10 different
examples resulted in an average of a 40.4% decrease in the cost of regression testing.
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// External // Internal
class A { class F extends C {
public void foo(); public void foo();

}

class G extends C {

}

void bar(A p) {
p-foo();

}

}
class B extends A {
}
class C extends A {

}
class D extends B {

}
class E extends B {

gooooooooooooooooboooooo 2045

}

—> CFG Edge
-~ Call Edge
—> Path Edge

01 000o0ooooooooooooooo
Fig.1 An example of a method call from internal code.

// External
class A {
public void foo();
public void bar();
}

// Internal

class B extends A { l

public void foo();
}
class C extends B {
public void bar(); —> CFG Edge v !
} --» Call Edge | et || et |
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Fig.2 An example of a method call from external code.
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Int: Internal class
Ext: External class

Omittable

{ Class B (Ext)

gooooooooooooooooboooooo

Class A (Ext)
method foo()
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Class C (Ext)

( Class G (Int) )

Class F (Int)
method foo()

03 ODooooooo
Fig.3 An example of a class hierarchy tree.

// Internal bar external ]
class F:C{ RN E external
public void foo(); [_p.foo() k‘s\«,’l Afoo() ] ' [_p.foo() l'-;:.-_-_-_-:: ----- >
}classG :C{ “‘ G E F:\\ -G~~~~"‘
| public void foo(); (added) W E 2 [ G.ooq
e ettt - . [ Fioo() ] )
: bod |
void bar(A p) { [ body ] [ b ‘d | 0* .
. — CFG Edge ! ody i
p.foo0); ; { [ exit |
} --» Call Edge ! exit__ |
(a) Original (b) Method foo() is added to class G
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Fig.4 Examples of method calls from internal code.
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Prev Instruction

// Internal

external
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Prev Instruction

external

class F: C{ Ny E
public void foo(); ldvirtftn A.foo() k. M Afoo() ] ; [ldvirtitn Afoo() k-->[_A.foo() ]
Gl y @ | (Nextisimstion ]’ ~
“public void foo(); (added) " \F 5 '. —
I Ry ' —-_Ffoo() ] F
public delegate void Hoge(); | — CFG Edee ' [ F foo
void bar(A p) { 8 ! _F.ioo() ]
Hoge h = new Hoge(p.foo); | ~-> Load Edge '
1 '
(a) Original " (b) Method foo() is added to class G

0 5 Idvirtftn 0000
Fig.5 Examples of the instructions Idvirtftn.
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void foo() {
try {

gooooooooooooooooboooooo

exception
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exception exception

body1l

} catch (A) {

| 2sz |—|>l3:catfh (A {4 catfh B }—] 5:fiTany |

body2 [ 6: body1 |

[ 7:body2 |

[ 8:body3 | [ 9:body4 |

} catch (B) {
body3

} finally {
body4
} —
body5 CFG Edge
} —> Path Edge

13: body5
[ 14:exit |

[10: excep. exit]

06 OOoooo
Fig.6 An example of exception handling.

exception exception
[ 2:‘trV {3 catfh (A) |—(>|10: excep. exit I
[ 6:bodyl | [ 7:body2 ]

13: body5
[ 14: exit |

void foo() {
try {
body1l
} catch (A) {
body2
}
body5
}

(a)

exception

exception

[ va Fﬂ&mfmmkﬁ 5: finally |

[ 6:bodyt | [ 7:body2 | | 9:bfdv4 |
. |10: excep. exit I
void foo() {
try { 12: body4
bodyl
} catch (A) { 13: body5
body2
} finally {
body4
}
body5

}

(b)

0O7 DeO0nOO
Fig.7 Examples of modifications to Fig. 6.
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final final -
exception exception exception exception exception
[7: Exceptionk—__6: finally k| Z:fw { 3: catch (A)}54: catfh (B) F{5: Exception]

[ 11:body4 | [ 8:bodyl | [ 9:body2 ] [ 10:body3 |
12: finall

— CFG Edge
—> Path Edge

(a)

final

exception exception exception

[7: Exceptionik—| 2:;rv o[3: caich (A)>15: Exception]

[ 8:bodyt ] [ 9:body2 |
14: body5

(®)

final final -
exception exception exception exception

[7: Exceptionk—{_6: finally k| 2:‘trv o 3: caich (A)F{5: Exception]

[ 11:body4 | [ 8:bodyl | [ 9:body2 ]

(c)
08 DO0O0OOOODOODO

Fig.8 Examples of exception handling according to our approach.
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Table 1 Summary of software subjects.

ooo ooooo LOC LocOoOooono ooooo goooooo
ArrayList 1.29 - 1.38 2399 5185 140 51
BitArray 1.1-1.8 500 1549 36 24
Hashtable 1.6 - 1.15 1047 3075 92 15

Queue 1.3-1.11 350 1325 37 11
SortedList 1.1-1.10 1134 3475 118 29

Math 1.4-1.13 375 1705 61 54

BinaryWriter 1.1-1.7 207 958 29 22
MemoryStream 1.1-19 403 1275 27 27
StreamWriter 1.10 - 1.19 219 772 21 8
TimeSpan 1.1-1.8 551 1760 55 35
02 gOooo
Table 2 Evaluation results.

ooo 0O TCOO0OOOOmsecd |00000msecd 00 TCO%O 00 TCOOOOOOmsecd O00000%0O
ArrayList 3773 2308 31.2 1193 7.2
BitArray 1941 384 32.7 626 48.0
Hashtable 1358 517 42.2 599 17.8

Queue 906 248 30.7 271 42.8
SortedList 2340 963 25.3 576 34.2

Math 3649 1377 5.3 190 57.1

BinaryWriter 2283 510 40.9 975 35.0
MemoryStream 2344 520 33.3 745 46.0
StreamWriter 874 116 56.9 507 28.7
TimeSpan 4863 706 24.5 873 67.5
oo 2411 795 26.6 643 40.4
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