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Study on an Abstraction of Paths for Integration Testing
by Using an Automatic Visualization Tool ‘Avis’

YosHIHIRO KITA,™! TETSURO KATAYAMA 2
and SHIGEYUKI ToMmITA 2

One of the goals of the integration testing is checking the justification of mod-
ule interfaces. It is necessary to execute the integration testing with a white-box
testing, but, there is a problem that the execution paths increase explosively.
This research proposes the paths abstraction by using the existing automatic
visualization tool Avis (Automatic Visualization Tool for Programs) for the
white-box testing before the integration testing. The proposed method can
abstract the paths which express the execution for covering of the all modules
or the all module-calls, and can reduce the number of the execution paths. It
can check the justification of module interfaces, because it can support to check
the justification of transfer of data by arguments and global variables between
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modules. Moreover, it can be executed the software testing efficiently, because
it can reduce the number of execution paths.

1. 0000

gobooooboooooooboooooobooooOoboOoO0ooooOobooOoooDonoa
goooooooooooooobooooooboboooooboOoCbOoboOoboOoooooDoo
oooooooooooooboooooOooobOoOoOoOoOobOoOoOoOoOoOboDbOoODbbo
gooooboooooooooooooooooOoOobo0oboOoooobOooooooDobOobo
gooooooooooocoooboooobooboooobooooooooooooooDooo
goooooooooooobooooooooooobooooooobooobooboOoooooDooo
Ooooooooooooolo
goooooooooobooobooooobooooooooOooooOoooOobOooOoon
gooobooooooooobooooooooooooooboooooooooooooboo
goooooooooboooooooobooooobooboOoooOooooobooooooDoboo
00000000000000000000000000000000 3000020

e JO00OO0DOOODDOOODDOODODO

e JO00O0ODOODOOOODDOOO

e 000D OUODDOODLOOOODDOODODOO
goooooooooooooooboooooobooooooobObooooDboboOooD
0000000000000 0000000000000Y®4Y000000000000
gooooboooooooooboooooooboooboooobooooooboOooooonoa
goooboboooooooobooooooooboooOobOobo0oooobooOoboOoOooooDooboo
goooobooodoooooooooobooooooOoobboooooobooobooobooOoDoo
goooobooooooooooooboobooOoboOoooooboobooboooOobooooooo
uobooooboooooooobooooooooooobooOooOooOoooooon

t1000000oooooo

Interdisciplinary Graduate School of Engineering, University of Miyazaki
t20000000000000000

The Department of Computer Science and Systems Engineering, Faculty of Engineering, Univer-

sity of Miyazaki

(© 2010 Information Processing Society of Japan



1860 000OO0O0O0D0DOOOO0ODDO AvisOOOOOOOOODDOOOODOODOODOOOOODOODO

0000000000000000000000000000000000000000
00000000000000000000000000000000000000000
00000000000000000000000000000000000000000
0000000000000000000000000000000000000000
00000000000000000000000000000000000000000
0000000000000 000000000000000000?000000000
0000000000000 0000000000000000000000000000
0000000000000000Conformiq? 0000000000000000O0O
0000000000000000000000000000

0000000000000000000000000000000000000000
00000000000000000000000000000000000000000
000000000000 0000000000000000000000000000
00000000000000000000000 Avisd Automatic Visualization Tool
for Programs® 00 000000000000O0

2000000000000000000000030000000000000000
000000000040000AvisD000000000000000000000000
50000000000000000000 AvisOOOOOO0OO0O00006000000
00 AvisD0DODOOOO0OO0OO0O000000000000000

2. 00OOoooOOobOoOOoon

gobooboobooooooooboooooobooboooooboobooooooooooboo
goboooboooboooooooobooboooonbo 200000000000000

gooboobooooooooobooboOooooobooOoboOoooooObooOoooooDoobooo
ooobooooooooooboooooboooooboo0oooooooOooooobooo
gooooboooooooooooooboobooooooboobobooooooboooooboonoa
goooooooooooooobooooooboboooooboobobOoOoboOobOoOoOobDoOno
gobodoooboooooooobooobooboobooobooooobooOoooooobo

00000000 AvisODOOOOOOOOOO0OO0OO0O00AvVisOOODOOODOOOO
goboboooooooboocooooooooooOooobooOooObOoOooobOOoOobboOooDoo
0000000000000000000009Y0Avis00000000000000
gobooooooooooobooooobooooooobooooobooooon

00o0oooooog Vol 51 No. 9 1859-1872 (Sep. 2010)

000000000 AvisOOOODAvisOODDOOOOOOODOOOODOODODODOOO
goboooooboooooobooobooboobobooboobOobobOoDbDOoOoboOoDOo
000000000AvisOOODOOOOO0O00000000000000B00000
000000000000000000000000000000000000 AvisOO
O000O00AvisOOOOOOOOOOOOO

000 AvisOOOOOODOOOO0OOOO0O0O00O00000000AvisODOOOOOOO
O0000AvisOOOOOOOOOOO0OO0O0O0OO0AvisOOOOOOOOOOOO0O0O0O0O
O0000AvisOOOOOOOOOOOOOOOOOOOO0O0O0OOO0o0ooooo

3. 00OoOOoooooooo

000000000000 0000000000000000000000000000
00000000000 0000000000000000000000000000 20
000?20
e J0DODOODOOSOD
000000000000 00%000000000000000000
e J0DODOODOOSIO
00000000000000%0000000000000000000000000
0000000000000000000000000000000000000
000000000000000000000000000000000000000
0000000000000000D00000S0000 S10 100%0000000000
00000000 AvisD0OOOOOO0O000000S00 100%00000000000
0D000000000000000S10 100%000000000000000000
00000000000000000000
0000SO000 S100000000000000000000000000000
00000000000 000000000000000000000000000000
0DO0000sSo000sS1O100%00000000000000000
U0000000000S0000 S10100%0000000000000000000
0000000000000D00000000000000000000S0000 S100
00000000000 00000000 100%0000000000000000000
0000000000

(© 2010 Information Processing Society of Japan



1861 000OO0O0O0DOOOODDO AvisOOOOODOOOODDOOOODOODOODOOOOODOODO

4. AvisOOOOO

010000 AvisOOOODOOOO0OOAvisO JavaOOODO0OOO0O0OOOOOOO
gooooooooooobobool1ooooooboooooooooooooooooboo
goboodooobooobooooobooboooboboooooobooooon

O000AvisOOOODOOOOOOOO0O0OO0O0O0O0O0O00O00O000o0ooo0ooooo
goboooooooboboouooboboooooobobooboboouooboooo

4.1 O0OO0OO0OO0OO0OOOOOOOOOOOODOOO

AvisOOOOOODOODOOOOOOOOOOOOOOO0OOoOOoOoOoooooo 100000

_ [EIE
File Coverage Explanation of Colors
Call-Pairs 1 Call-Pairs 2 Call-Pairs 3
Codes Flawehart [~/ ["Path1 {Path2 | Path3
Sample.main(Stringl) Baty £ | patnoetnon) B
1 nullpublic static vaid main(Stina] a
3: 8tring message="Hello World"
4: Output out =
5: out=new Display() =] =
Display
8: olass Display extends Oulput
output
7 clags Dutput L |
8 End e=new End) ] u |
End
9: class End
Sample. main(tringl)
10: outoutoutinmessage)
Sample. main(Sting[) — Display output
11:v0id output(int i String 5)
12: System.out printin ('3 4 2 7 L 13
13: e.end)
Display output(int String) — End ehdlg)
14:v0id end() 1|
15: System.out prinfin(MIER T L
End.end() — Display. outputdint, String)
16: System.out printin {5 4 2 = L N
17: e.endQ
Display.output(int,String) — End.end() H
18:vold end0
19: System.out prinfinCAIER T L% !
End.end( — End.end( i
End.zndg — Sample.main(Stingl) |
20 out=new Printer() ‘
Printer |
21 class Printer exiends Ouiput ]
Output ;
22: class Output |
23: End e=new End)
End N A ——
24: class End [feessessusmsmesssnasses
Display.outpul(int Sting)
25 sutoutputfmessage)
Display output(int String) — Printer outp
26:v0id OUtpUI(String ) ||
27: System.out printin¢ I W 8 = (| | i R4
41 T ] IS K1 ol £ | K m—r— [

01 AvisOOOOOO
Fig.1 An example of output of Avis.
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Fig.4 An example of inline expansions in the case of a module-call calls modules.
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Fig.5 An example of connection with modules.
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public class SampleProgram {
public static void main(String[] args) {
ClassA ¢ = new ClassB();
c.Method1();
c.Method2();

class ClassA {
void Method1() {
System.out.println("ClassA 0 Methodl");

void Method2() {
System.out.println("ClassA 0 Method2 OO OO");

voif Method2(int i) {
System.out.println("ClassA 0 Method2 DO OO");

class ClassB extends ClassA {
void Method1() {
System.out.println("ClassB [0 Method1");
this.Method2(0);

06 JavaOODODODODO
Fig.6 An example of Java program.
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Codes ] Frowenan [~ [(Path 1

SampleFrogram.main(stringl) Path 7 | petntetnon
1: nullpublic static void main(Sting{ args)
2 Classh c=new ClassB(
ClassB
3 class ClassB exends Classh
Classa
4 tlass Classh
SampleProgram main(tring)
5 £ Method 1)
SampleProgram main(Stringl) — ClassB.Method1 ()
& volid Method1 )
7: System.out printin'GlassBDMethad1”)
8 this.Method2(0)
Class Method1( — ClassAMethad2(ni) r
9 void Method2qint )
10: Syetem outprinting Clas s Method 22 [E1354)")
Classa Method2(ing — ClassE Method 1)
ClassB Method1 — SampleProgram maintStiingl)
11: 6 Methodz)
SampleProgram main(tring) — ClassA Method2(
12 void Method2)

.
I EDa—IILIEHL

c.Method1Q

13: System.outprinting Clas sAgd Meth od 23 [EE L)
ClassA Method20 — SamplePragram main(Strinal)

SampleProgram%5 X
main AV
ClassBYZX
Method1 Ak

ClassA7Z X
Method2(int) #/w K c b5
L lassAZ 2 A
EITHERR2 Method2( ) AV vk

[ capairs 1 | caitpairs |

Codes =1 | Frowenart Path 1
ClassaMethod1 ) Path = | PatniMethod)
1 ot Methoc g
2 System out printin('ClassAg Method 1)
I
end I
enad |1
ClassAV5X
Method1 4wk

07 D60 Javal0D0D000000 AvisODDODOOO
Fig.7 Outputs of Avis that is adapted to the Java program in Fig. 6.
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0000200000000000000000 S10 100%000 AvisOOODOOOO
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0000000000000 00 200 AvisOOODODO SO0 100%00000000
000000000 4000000300 S10100%0000000000000000
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02 000000000000000 SO0 100%000 AvisOOOOOOOOODOOOOO
Table 2 Comparisons between the number of modules and the number of paths that cover all

methods by Avis in each program.

S0 0 100%000

gobooooboooooooo

goooo coooooooooooUooOoooooooggod
00000 DOAvisOOODOOOOOOOOOOO

o10000000v0000000000010008,0000000000000 10
0000000000000 000O0000O0000o0o0oo0o00oD00D AvisOO

01 0000000000 AvisOOOODO
Table 1 Run time of Avis in each program.

Java O OOOO

ooooo

O0O0000secO

ooooo A
ooooo B
ooooo ¢
ooooo D

80
155
722

8,034

0.21
0.36
1.22
9.73
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Java 00000

goooooo

AvisOOOOOOOOOO

goooooa

ooooo A
ooooo B
ooooo C
ooooo D

7
23
76

573

3
14
38

352

57.1%
39.1%
50.0%
38.6%

03 00000000 D0O0UO00DOO S10 100%000 AvisOODOOODODDOODOODO
Table 3 Comparisons between the number of modules and the number of paths that cover all call-

pairs by Avis in each program.

Java OO O OO

ooooooo

S10 100%000
AvisOOOOOOooooo

ooooooo

ooooo A
ooooo B
ooooo C
ooooo D

17
66
259
2,277

3
16
45

372

82.4%
75.8%
82.6%
83.7%
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Table 4 The number and the rate of the executable paths in the paths that cover all modules by
Avis in each program.

S0 0 100%0 00
Avis000D0D0D00..(1)

00D00000000..(2)
0(1)oo0o0o0ooog

(2) 00000000000
000O000000000000
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ooooog A 3 30 100.0%0 70 100.0%0
goooo B 14 130 92.0%0 22095.7%0
ooooo ¢ 38 270 71.1%0 610 80.3%0
ooooo D 352 2170 61.6%0 4090 71.4%0

05 000000OO0DOOS1IO 100%000 AvisOOODOODODOOODOODODOODODO0ODOO0OOO0OOODOOOO
Table 5 The number and the rate of the executable paths in the paths that cover all call-pairs by
Avis in each program.

Java O O0OOO

S10 100%000
Avis0000000000...(3)

00000D00000...(4)
0(3) 0000000

(400000000000
NO0DO0D000D000000

ooooo A 3 30 100.0%0 170 100.0%0
goooo B 16 140 87.5%0 630 95.5%0
goooo ¢ 45 290 64.4%0 2170 83.8%0
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06 DO00D0O0ODOOOO AvisOODOODOOODOOODOODDOOOOODOOOODOOOODOO
Table 6 The number of dead-codes that be included among the unexecutable paths by Avis in each

program.

0400 (1)00000 [ (5)00000 | 0500 (300000 |(6)00000
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0ooooo D 135 7 149 9
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Table 7 The number of the paths that cover all modules by Avis or testees.
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Table 8 The number of the paths that cover all call-pairs by Avis or testees.
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ooo s 3 0 0
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