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Testing Software Product Lines
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Testing Software Product Lines

P1 = {f1) P3 = {f1,f3)

Products

Test
Models

Generate test cases for every
product individually is inefficient!
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Testing Software Product Lines
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ISO 9001, 1ISO 26262,
ISO 13485 require
certain model coverage
for test case generation
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[Cichos et al. 2011]6'?
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SPL Test Suite Generation

Feature Model 150% Test Model
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SPL Test Suite (State Coverage) ‘
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[Cichos et al. 2011], [Cichos et al. 2012], [Lochau et al. 2014]
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. > S1intx =y +10;
: ... /I more code
3. >82:if(y<15){
4. if (f1)
5. S3: doSth1();
6. else if (f2)
Z —> S4: doSth2();
8. else goto S6;
9. S5: doSth3(); /
10. }
11. S6: finish();

\
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. > S1Tiintx=y+10; Z
. .../I'more code Z
3. =S2:if (y<15){
4. if (1)
5. S3: doSth1(); Model-Checker CPAchecker
6. else if (f2)
o oiseconst Achieve state
8 else goto S6; /
coverage
9. S5: doSth3();
10. } o530 for test model
11.  S6: finish();

e ——
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Test Case Derivation from Counterexamples

S1:intx=y + 10— A
... /I more code
S2: if (y < 15)&—— Assumption
if (f1)
S3: doSth1();
else if (f2)
S4: doSth2();
else goto S6;
S5: doSth3();

}
S6: finish();
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m [Beyer et al. 2004], [Rhein et al. 2011], [Apel et al. 2013]
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Test Case Derivation from Counterexamples

S1:intx=y +10;
... I more code
S2:if (y <15){
if (f1)
S3: doSth1();
else if (f2)
S4: doSth2();
else goto S6;
S5: doSth3();

}
S6: finish();

assign(x =y + 10)

assume(x = 15) assume(x < 15)

assumn assume(—f1)

TC1

[Beyer et al. 2004], [Rhein et al. 2011], [Apel et al. 2013] TC2
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Test Case Derivation from Counterexamples

S1:.intx=y + 10;
... I more code
S2:if (y <15){
if (f1)
S3: doSth1();
else if (f2)
S4: doSth2();
else goto S6;
S5: doSth3();

assign(x =y + 10)

assume(x = 15) assume(x < 15)

assum assume(—f1)

}
S6: finish(); SMT Solver:
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[Beyer et al. 2004], [Rhein et al. 2011], [Apel et al. 2013]
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Test Case Derivation from Counterexamples

S1:intx=y +10;
... /I more code
S2:if (y <15){
if (f1)
S3: doSth1();
else if (f2)
S4: doSth2();
else goto S6; assunte(f1)

S5: doSth3();

assign(x =y + 10)

assume(x = 15) assume(x < 15)

assume(—f1)
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10. }
11. S6: finish(); SMT Solver:

L6 [ y=5

Bl c1 T1ct x=15
BEJ ¢ T1ct f1=12=1

| s4.
S5
B c1 et
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Test Case Derivation from Counterexamples

S1:intx=y +10;
... I more code
S2:if (y <15){
if (f1)
S3: doSth1();
else if (f2)
S4: doSth2();
else goto S6;
S5: doSth3();

assign(x =y + 10)

assume(x = 15) assume(x < 15)

assume(f1) assume(—f1)
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10. }
11. S6: finish();

L(ef) ] (5f2)
Bl c1 T1ct
EJ c1 et

[Beyer et al. 2004], [Rhein et al. 2011], [Apel et al. 2013]
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Test Case Derivation from Counterexamples AT
1. S1:intx=y +10; & rue A (F1A-F2)V (=f1AF2))
2. .../l more code assign(x =y + 10)
3. S2:if(y < 15){ x=y+10A((F1A-)
4. (M) & =7+ 10711
> S?f' doSth1(); assume(x = 15) assume(x < 15)
6. else if (f2)
8. else goto S6; e assume(—f1)
. . SMT Solver: (x = y +10) A (x < 15)
9. S5: doSth3(); y=1 N aFL A f2)
10. } X =11
11. S6: finish(); £1 = false e (f fé) N
- y + N(x <
e @) 2= tue A (=f1A f2)
me LA x=y+10)A(x <
52 RIS A(~f1Af2)

(x =y +10) A (x = 15)ghd
TC2 A(fLIA.) Sl y=5, x=15 L

E TC2

[Beyer et al. 2004], [Rhein et al. 2011], [Apel et al. 2013]
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Test Case Derivation from Counterexamples

S1:intx=y +10;
... I more code
S2:if (y <15){
if (f1)
S3: doSth1();
else if (f2)
S4: doSth2();
else goto S6;
S5: doSth3();

assign(x =y + 10)

assume(x = 15) assume(x < 15)

assume(f1) assume(—f1)
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10. }
11. S6: finish();

L(ef) ] (5f2)
Bl c1 T1ct
EJ c1 et

TC2

'S4
S5 | TC2

[Beyer et al. 2004], [Rhein et al. 2011], [Apel et al. 2013]
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Test Case Derivation from Counterexamples AT
1. S1:intx=y +10; & rue A (F1A-F2)V (=f1AF2))
2. .../l more code assign(x =y +10)
. o if 1 x=y+10A((f1A.)
2 S .fl fgy <19 SMT Solver:
: if (f1) y =1 ) x=y+10A((f1A..)
S S3: doSth1(); ey X =11 assume(x < 15)
6. else if (f2) f1 = true
7. S4: doSth2(); f2 = false @ =y 1A G< IS ATTA)
8. else goto S6; 455Ut assume(—f1)
: . _ (x=y+10) A (x < 15)
9. S5: doSth3(); (x =y +10) A (x <15) é e
10. ) AN(fLASf2)
11, S6: finish(); ' e(ffé) o
[y + N (x <
AN A (=f1 A £2)
me LA x=y+10)A(x <
52 RIS A(~f1Af2)
| TC3 (x =y +10) A (x = 15)ghd
| s4. TC2 A(fIA.) Sl y=5, x=15 L

L7l y=11, x=1 =f1IAf2

S5 TC2
| V=111 fA-f2 )

m Tc1  TCH [Beyer et al. 2004], [Rhein et al. 2011], [Apel et al. 2013]
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1. S1:intx=y +10; & true/\((fl/\—.fZ)v(—.fl/\fZ))

2. .../l more code assign(x =y + 10)

3. S2:if(y<15){ x=y+10A((f1A.)

4. it(1) & x=y+10A((f1A..)

>- 83_' doSth1(); assume(x = 15) assume(x < 15)

6. else if (f2)

8. else goto S6; assunte(f1)

9. S5: doSth3():; (x =y +10) A (x <|15) é

A(fLASSf2

10.} o J 72) S5 may also be

11. S6: finish(); covered in ¢ < 15)
) | () | the variant (r,f1)

me TC x=y+10)A(x <

E TC1 TCY A (~f1Af2)

TC3 ] : : Test Cases
m TC2 A BDD analysis checks if a location
S5 may be reached by a path with another _T¢1
e Boye feature configuration. LR v=11.x=1  ~f1AR2

- TC1 TC1
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Test Case Derivation from Counterexamples

S1:intx=y +10;
... I more code
S2:if (y <15){
if (f1)
S3: doSth1();
else if (f2)
S4: doSth2();
else goto S6;
S5: doSth3();

assign(x =y + 10)

assume(x = 15) assume(x < 15)

assume(f1) assume(—f1)
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10. }
11. S6: finish();

o) [ (n2) |
Bl c1 T1ct

EJ c1 et 1A
) TC3

S4 | TC2
S5 | TC2

Tc1  TCH [Beyer et al. 2004], [Rhein et al. 2011], [Apel et al. 2013]
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Test Case Derivation from Counterexamples

S1:intx=y +10;
... I more code
S2:if (y <15){
if (f1)
S3: doSth1();
else if (f2)
S4: doSth2();
else goto S6;
S5: doSth3();

assign(x =y + 10)

assume(x = 15) assume(x < 15)

assume(f1) assume(—f1)
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10. }
11. S6: finish();

o) [ (n2) |
Bl c1 T1ct

EJ c1 et 1A
) TC3

S4 | TC2
B c: 1c2

Tc1  TCH [Beyer et al. 2004], [Rhein et al. 2011], [Apel et al. 2013]
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Testing Dynamic Software Product Lines

- Testing SPLs: test that every derivable variant is correctly implemented

- Testing DSPLs: test that all possible reconfigurations are correct

Environment

Program Reconfiguration

Stiintx=y+
10;
... Il more code
S2:if (y <15) {
if (f1)
S3:
doSth1();
else if (f2)
S4:
doSth2();
else goto S6;
S5: doSth3();

| B Non-deterministic
behavior

229 No gbrowd =

> o

}
S6: finish();

Non-deterministic
influence on
feature variables

Non-deterministic

influence on
program variables
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Testing Dynamic Software Product Lines

- Testing SPLs: test that every derivable variant is correctly implemented

- Testing DSPLs: test that all possible reconfigurations are correct

Envwonment

@@+

- CPAchecker offers techniques to handle non-deterministic behavior

Program Reconfiguration

Stiintx=y+
10;
... Il more code
S2:if (y <15){
if (f1)
S3:

| B Non-deterministic
behavior

1
2

3

4

5

doSth1();

6. else if (f2)
7

8

9

1

1

S4:
doSth2();
else goto S6;
. S5: doSth3();
0. }
1 $6: finish();
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Testing Dynamic Software Product Lines

- Testing SPLs: test that every derivable variant is correctly implemented

- Testing DSPLs: test that all possible reconfigurations are correct

Environment

Program Reconfiguration

1 Stiintx=y+
10;

2 ... Il more code

3 S2:if (y <15) {

4 if (f1)

5. S3:
doSth1();

6 else if (f2)

7

8

9

1

behavior

S4:
doSth2();
else goto S6;
S5: doSth3();

Istic behavior

3. How to ensure liveness of the reconfiguration life cycle?
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