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Testing Software Product Lines 
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[Cichos et al. 2011] 
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Testing Software Product Lines 
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Testing Software Product Lines 

P1 = {f1} P1 = {f1} P2 = {f2} P2 = {f2} P3 = {f1,f3} P3 = {f1,f3} 

S1 S2 

S4 

S1 S2 

S4 S1 S2 

S3 S5 

S1 S2 

S3 S5 

… … 

P
ro

d
u
c
ts

 
P

ro
d
u
c
ts

 
T
e
s
t 

M
o
d
e
ls

 
T
e
s
t 

M
o
d
e
ls

 

… … 

1
5
0
%

 T
e
s
t 

M
o
d
e
l 

1
5
0
%

 T
e
s
t 

M
o
d
e
l 

S1 S2 

S3 S5 

S4 

f1 

f2 

f1 & f3 

S1 S2 

S3 S5 

S4 

f1 f1 

f2 f2 

f1 & f3 f1 & f3 

T
e
s
t 

S
u
it
e
s
 

T
e
s
t 

S
u
it
e
s
 

S1 

S3 

S2 S1 

S3 

S2 

[Cichos et al. 2011] 



ES – Real-Time Systems Lab 5 | 5/8/2014  |  Model-based Test Case Generation for (Dynamic) Software Product Lines 

Testing Software Product Lines 
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[Cichos et al. 2011] 

ISO 9001, ISO 26262, 
ISO 13485 require 

certain model coverage 
for test case generation 
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SPL Test Suite Generation 

Feature Model Feature Model 150% Test Model 

SPL Test Suite (State Coverage) 

Config. / TC S1-S2-S3 S1-S2-S4 S1-S2-S3-S5 

(r, f1) X 
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[Cichos et al. 2011], [Cichos et al. 2012], [Lochau et al. 2014] 
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Using Symbolic Model Checking 

for Test Case Generation 

S1 S2 

S3 
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Generate C-Code from 
Model and enrich it 
with more C-Code 

1.   S1: int x = y + 10; 

2.   … // more code 

3.   S2: if (y < 15) { 

4.       if (f1) 

5.           S3: doSth1(); 

6.       else if (f2) 

7.           S4: doSth2(); 

8.       else goto S6; 

9.       S5: doSth3(); 

10.   } 

11.   S6: finish(); 
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Using Symbolic Model Checking 

for Test Case Generation 
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Impl. 

Achieve state 
coverage 

for test model 

1.   S1: int x = y + 10; 

2.   … // more code 

3.   S2: if (y < 15) { 

4.       if (f1) 

5.           S3: doSth1(); 

6.       else if (f2) 

7.           S4: doSth2(); 

8.       else goto S6; 

9.       S5: doSth3(); 

10.   } 

11.   S6: finish(); 
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Test Case Derivation from Counterexamples 

1.   S1: int x = y + 10; 

2.   … // more code 

3.   S2: if (y < 15) { 

4.       if (f1) 

5.           S3: doSth1(); 

6.       else if (f2) 

7.           S4: doSth2(); 

8.       else goto S6; 

9.       S5: doSth3(); 

10.   } 

11.   S6: finish(); 
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(r,f1) (r,f2) 

S1 TC1 TC1 

S2 TC1 TC1 

S3 TC3 

S4 TC2 

S5 TC3 TC2 

S6 TC1 TC1 

Test Cases 

TC1 y=5, x=15 ⊥ 

TC2 y=11, x=1 ¬f1⋀f2 

TC3 y=11, x=1 f1∧ ¬f2 

Assignment 

Assumption 

Path Condition 

Path Condition 

Path Condition 

… 

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

1.   S1: int x = y + 10; 

2.   … // more code 

3.   S2: if (y < 15) { 

4.       if (f1) 

5.           S3: doSth1(); 

6.       else if (f2) 

7.           S4: doSth2(); 

8.       else goto S6; 

9.       S5: doSth3(); 

10.   } 

11.   S6: finish(); 

1 1 

2 

3 3 

11 11 

4 

5 5 6 

7 7 

9 9 

𝑎𝑠𝑠𝑖𝑔𝑛(𝑥 = 𝑦 + 10) 

𝑎𝑠𝑠𝑢𝑚𝑒(𝑥 ≥ 15) 𝑎𝑠𝑠𝑢𝑚𝑒(𝑥 < 15) 

𝑎𝑠𝑠𝑢𝑚𝑒(¬𝑓1) 𝑎𝑠𝑠𝑢𝑚𝑒(𝑓1) 
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TC1 y=5, x=15 ⊥ 

TC2 y=11, x=1 ¬f1⋀f2 

TC3 y=11, x=1 f1∧ ¬f2 
[Beyer et al. 2004], [Rhein et al. 2011], [Apel et al. 2013] 
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Test Case Derivation from Counterexamples 

1.   S1: int x = y + 10; 

2.   … // more code 

3.   S2: if (y < 15) { 

4.       if (f1) 

5.           S3: doSth1(); 

6.       else if (f2) 

7.           S4: doSth2(); 

8.       else goto S6; 

9.       S5: doSth3(); 

10.   } 

11.   S6: finish(); 
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𝑎𝑠𝑠𝑖𝑔𝑛(𝑥 = 𝑦 + 10) 

𝑥 = 𝑦 + 10 ∧ ((𝑓1 ∧ ...) 

𝑎𝑠𝑠𝑢𝑚𝑒(𝑥 ≥ 15) 𝑎𝑠𝑠𝑢𝑚𝑒(𝑥 < 15) 

𝑥 = 𝑦 + 10 ∧ 𝑥 ≥ 15  
∧ ((𝑓1 ∧ ...) 

𝑎𝑠𝑠𝑢𝑚𝑒(¬𝑓1) 𝑎𝑠𝑠𝑢𝑚𝑒(𝑓1) 

𝑎𝑠𝑠𝑢𝑚𝑒(𝑓2) 

(r,f1) (r,f2) 

S1 TC1 TC1 

S2 TC1 TC1 

S3 TC3 

S4 TC2 

S5 TC3 TC2 

S6 TC1 TC1 

SMT Solver: 
y = 5 
x = 15 
f1 = f2 = ⊥ 

Test Cases 

TC1 y=5, x=15 ⊥ 

TC2 y=11, x=1 ¬f1⋀f2 

TC3 y=11, x=1 f1∧ ¬f2 
[Beyer et al. 2004], [Rhein et al. 2011], [Apel et al. 2013] 

𝑡𝑟𝑢𝑒 ∧ ((𝑓1 ∧ ¬𝑓2) ∨ (¬𝑓1 ∧ 𝑓2)) 

𝑥 = 𝑦 + 10 ∧ ((𝑓1 ∧ ...) 
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Test Case Derivation from Counterexamples 

1.   S1: int x = y + 10; 

2.   … // more code 

3.   S2: if (y < 15) { 

4.       if (f1) 

5.           S3: doSth1(); 

6.       else if (f2) 

7.           S4: doSth2(); 

8.       else goto S6; 

9.       S5: doSth3(); 

10.   } 

11.   S6: finish(); 
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7 7 
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𝑎𝑠𝑠𝑖𝑔𝑛(𝑥 = 𝑦 + 10) 

𝑥 = 𝑦 + 10 ∧ ((𝑓1 ∧ ...) 

𝑎𝑠𝑠𝑢𝑚𝑒(𝑥 ≥ 15) 𝑎𝑠𝑠𝑢𝑚𝑒(𝑥 < 15) 

𝑥 = 𝑦 + 10 ∧ 𝑥 ≥ 15  
∧ ((𝑓1 ∧ ...) 

𝑎𝑠𝑠𝑢𝑚𝑒(¬𝑓1) 𝑎𝑠𝑠𝑢𝑚𝑒(𝑓1) 

𝑎𝑠𝑠𝑢𝑚𝑒(𝑓2) 

(r,f1) (r,f2) 

S1 TC1 TC1 

S2 TC1 TC1 

S3 TC3 

S4 TC2 

S5 TC3 TC2 

S6 TC1 TC1 

SMT Solver: 
y = 5 
x = 15 
f1 = f2 = ⊥ 

Test Cases 

TC1 y=5, x=15 ⊥ 

TC2 y=11, x=1 ¬f1⋀f2 

TC3 y=11, x=1 f1∧ ¬f2 
[Beyer et al. 2004], [Rhein et al. 2011], [Apel et al. 2013] 

𝑡𝑟𝑢𝑒 ∧ ((𝑓1 ∧ ¬𝑓2) ∨ (¬𝑓1 ∧ 𝑓2)) 

𝑥 = 𝑦 + 10 ∧ ((𝑓1 ∧ ...) 
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Test Case Derivation from Counterexamples 

1.   S1: int x = y + 10; 

2.   … // more code 

3.   S2: if (y < 15) { 

4.       if (f1) 

5.           S3: doSth1(); 

6.       else if (f2) 

7.           S4: doSth2(); 

8.       else goto S6; 

9.       S5: doSth3(); 

10.   } 

11.   S6: finish(); 
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7 7 

9 9 

𝑎𝑠𝑠𝑖𝑔𝑛(𝑥 = 𝑦 + 10) 

𝑥 = 𝑦 + 10 ∧ ((𝑓1 ∧ ...) 

𝑎𝑠𝑠𝑢𝑚𝑒(𝑥 ≥ 15) 𝑎𝑠𝑠𝑢𝑚𝑒(𝑥 < 15) 

𝑥 = 𝑦 + 10 ∧ 𝑥 ≥ 15  
∧ ((𝑓1 ∧ ...) 

(𝑥 = 𝑦 + 10) ∧ (𝑥 < 15) ∧ ((𝑓1 ∧ ...) 

𝑎𝑠𝑠𝑢𝑚𝑒(¬𝑓1) 𝑎𝑠𝑠𝑢𝑚𝑒(𝑓1) 

𝑥 = 𝑦 + 10 ∧ 𝑥 < 15  
∧ (¬𝑓1 ∧ 𝑓2) 

𝑥 = 𝑦 + 10 ∧ 𝑥 < 15  
∧ (¬𝑓1 ∧ 𝑓2) 

𝑎𝑠𝑠𝑢𝑚𝑒(𝑓2) 

𝑥 = 𝑦 + 10 ∧ 𝑥 < 15  
∧ (¬𝑓1 ∧ 𝑓2) (r,f1) (r,f2) 

S1 TC1 TC1 

S2 TC1 TC1 

S3 TC3 

S4 TC2 

S5 TC3 TC2 

S6 TC1 TC1 

Test Cases 

TC1 y=5, x=15 ⊥ 

TC2 y=11, x=1 ¬f1⋀f2 

TC3 y=11, x=1 f1∧ ¬f2 
[Beyer et al. 2004], [Rhein et al. 2011], [Apel et al. 2013] 

𝑡𝑟𝑢𝑒 ∧ ((𝑓1 ∧ ¬𝑓2) ∨ (¬𝑓1 ∧ 𝑓2)) 

𝑥 = 𝑦 + 10 ∧ ((𝑓1 ∧ ...) 
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Test Case Derivation from Counterexamples 

1.   S1: int x = y + 10; 

2.   … // more code 

3.   S2: if (y < 15) { 

4.       if (f1) 

5.           S3: doSth1(); 

6.       else if (f2) 

7.           S4: doSth2(); 

8.       else goto S6; 

9.       S5: doSth3(); 

10.   } 

11.   S6: finish(); 

1 1 
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3 3 

11 11 

4 

5 5 6 

7 7 

9 9 

𝑎𝑠𝑠𝑖𝑔𝑛(𝑥 = 𝑦 + 10) 

𝑥 = 𝑦 + 10 ∧ ((𝑓1 ∧ ...) 

𝑎𝑠𝑠𝑢𝑚𝑒(𝑥 ≥ 15) 𝑎𝑠𝑠𝑢𝑚𝑒(𝑥 < 15) 

𝑥 = 𝑦 + 10 ∧ 𝑥 ≥ 15  
∧ ((𝑓1 ∧ ...) 

(𝑥 = 𝑦 + 10) ∧ (𝑥 < 15) ∧ ((𝑓1 ∧ ...) 

𝑎𝑠𝑠𝑢𝑚𝑒(¬𝑓1) 𝑎𝑠𝑠𝑢𝑚𝑒(𝑓1) 

𝑥 = 𝑦 + 10 ∧ 𝑥 < 15  
∧ (¬𝑓1 ∧ 𝑓2) 

𝑥 = 𝑦 + 10 ∧ 𝑥 < 15  
∧ (¬𝑓1 ∧ 𝑓2) 

𝑎𝑠𝑠𝑢𝑚𝑒(𝑓2) 

𝑥 = 𝑦 + 10 ∧ 𝑥 < 15  
∧ (¬𝑓1 ∧ 𝑓2) (r,f1) (r,f2) 

S1 TC1 TC1 

S2 TC1 TC1 

S3 TC3 

S4 TC2 

S5 TC3 TC2 

S6 TC1 TC1 

Test Cases 

TC1 y=5, x=15 ⊥ 

TC2 y=11, x=1 ¬f1⋀f2 

TC3 y=11, x=1 f1∧ ¬f2 

SMT Solver: 
y = 1 
x = 11 
f1 = false 
f2 = true 

[Beyer et al. 2004], [Rhein et al. 2011], [Apel et al. 2013] 

𝑡𝑟𝑢𝑒 ∧ ((𝑓1 ∧ ¬𝑓2) ∨ (¬𝑓1 ∧ 𝑓2)) 

𝑥 = 𝑦 + 10 ∧ ((𝑓1 ∧ ...) 
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Test Case Derivation from Counterexamples 

1.   S1: int x = y + 10; 

2.   … // more code 

3.   S2: if (y < 15) { 

4.       if (f1) 

5.           S3: doSth1(); 

6.       else if (f2) 

7.           S4: doSth2(); 

8.       else goto S6; 

9.       S5: doSth3(); 

10.   } 

11.   S6: finish(); 

1 1 

2 

3 3 

11 11 

4 

5 5 6 

7 7 

9 9 

𝑎𝑠𝑠𝑖𝑔𝑛(𝑥 = 𝑦 + 10) 

𝑥 = 𝑦 + 10 ∧ ((𝑓1 ∧ ...) 

𝑎𝑠𝑠𝑢𝑚𝑒(𝑥 ≥ 15) 𝑎𝑠𝑠𝑢𝑚𝑒(𝑥 < 15) 

𝑥 = 𝑦 + 10 ∧ 𝑥 ≥ 15  
∧ ((𝑓1 ∧ ...) 

(𝑥 = 𝑦 + 10) ∧ (𝑥 < 15) ∧ ((𝑓1 ∧ ...) 

𝑎𝑠𝑠𝑢𝑚𝑒(¬𝑓1) 𝑎𝑠𝑠𝑢𝑚𝑒(𝑓1) 

𝑥 = 𝑦 + 10 ∧ 𝑥 < 15  
∧ (𝑓1 ∧ ¬𝑓2) 

𝑥 = 𝑦 + 10 ∧ 𝑥 < 15  
∧ (¬𝑓1 ∧ 𝑓2) 

𝑥 = 𝑦 + 10 ∧ 𝑥 < 15  
∧ (¬𝑓1 ∧ 𝑓2) 

𝑎𝑠𝑠𝑢𝑚𝑒(𝑓2) 

𝑥 = 𝑦 + 10 ∧ 𝑥 < 15  
∧ (¬𝑓1 ∧ 𝑓2) (r,f1) (r,f2) 

S1 TC1 TC1 

S2 TC1 TC1 

S3 TC3 

S4 TC2 

S5 TC3 TC2 

S6 TC1 TC1 

Test Cases 

TC1 y=5, x=15 ⊥ 

TC2 y=11, x=1 ¬f1⋀f2 

TC3 y=11, x=1 f1∧ ¬f2 
[Beyer et al. 2004], [Rhein et al. 2011], [Apel et al. 2013] 

𝑡𝑟𝑢𝑒 ∧ ((𝑓1 ∧ ¬𝑓2) ∨ (¬𝑓1 ∧ 𝑓2)) 

𝑥 = 𝑦 + 10 ∧ ((𝑓1 ∧ ...) 
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Test Case Derivation from Counterexamples 

1.   S1: int x = y + 10; 

2.   … // more code 

3.   S2: if (y < 15) { 

4.       if (f1) 

5.           S3: doSth1(); 

6.       else if (f2) 

7.           S4: doSth2(); 

8.       else goto S6; 

9.       S5: doSth3(); 

10.   } 

11.   S6: finish(); 

1 1 

2 

3 3 

11 11 

4 

5 5 6 

7 7 

9 9 

𝑎𝑠𝑠𝑖𝑔𝑛(𝑥 = 𝑦 + 10) 

𝑥 = 𝑦 + 10 ∧ ((𝑓1 ∧ ...) 

𝑎𝑠𝑠𝑢𝑚𝑒(𝑥 ≥ 15) 𝑎𝑠𝑠𝑢𝑚𝑒(𝑥 < 15) 

𝑥 = 𝑦 + 10 ∧ 𝑥 ≥ 15  
∧ ((𝑓1 ∧ ...) 

(𝑥 = 𝑦 + 10) ∧ (𝑥 < 15) ∧ ((𝑓1 ∧ ...) 

𝑎𝑠𝑠𝑢𝑚𝑒(¬𝑓1) 𝑎𝑠𝑠𝑢𝑚𝑒(𝑓1) 

𝑥 = 𝑦 + 10 ∧ 𝑥 < 15  
∧ (𝑓1 ∧ ¬𝑓2) 

𝑥 = 𝑦 + 10 ∧ 𝑥 < 15  
∧ (¬𝑓1 ∧ 𝑓2) 

𝑥 = 𝑦 + 10 ∧ 𝑥 < 15  
∧ (¬𝑓1 ∧ 𝑓2) 

𝑎𝑠𝑠𝑢𝑚𝑒(𝑓2) 

𝑥 = 𝑦 + 10 ∧ 𝑥 < 15  
∧ (¬𝑓1 ∧ 𝑓2) (r,f1) (r,f2) 

S1 TC1 TC1 

S2 TC1 TC1 

S3 TC3 

S4 TC2 

S5 TC3 TC2 

S6 TC1 TC1 

Test Cases 

TC1 y=5, x=15 ⊥ 

TC2 y=11, x=1 ¬f1⋀f2 

TC3 y=11, x=1 f1∧ ¬f2 

SMT Solver: 
y = 1 
x = 11 
f1 = true 
f2 = false 

[Beyer et al. 2004], [Rhein et al. 2011], [Apel et al. 2013] 

𝑡𝑟𝑢𝑒 ∧ ((𝑓1 ∧ ¬𝑓2) ∨ (¬𝑓1 ∧ 𝑓2)) 

𝑥 = 𝑦 + 10 ∧ ((𝑓1 ∧ ...) 
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Test Case Derivation from Counterexamples 

1.   S1: int x = y + 10; 

2.   … // more code 

3.   S2: if (y < 15) { 

4.       if (f1) 

5.           S3: doSth1(); 

6.       else if (f2) 

7.           S4: doSth2(); 

8.       else goto S6; 

9.       S5: doSth3(); 

10.   } 

11.   S6: finish(); 

1 1 

2 

3 3 

11 11 

4 

5 5 6 

7 7 

9 9 

𝑎𝑠𝑠𝑖𝑔𝑛(𝑥 = 𝑦 + 10) 

𝑥 = 𝑦 + 10 ∧ ((𝑓1 ∧ ...) 

𝑎𝑠𝑠𝑢𝑚𝑒(𝑥 ≥ 15) 𝑎𝑠𝑠𝑢𝑚𝑒(𝑥 < 15) 

𝑥 = 𝑦 + 10 ∧ 𝑥 ≥ 15  
∧ ((𝑓1 ∧ ...) 

(𝑥 = 𝑦 + 10) ∧ (𝑥 < 15) ∧ ((𝑓1 ∧ ...) 

𝑎𝑠𝑠𝑢𝑚𝑒(¬𝑓1) 𝑎𝑠𝑠𝑢𝑚𝑒(𝑓1) 

𝑥 = 𝑦 + 10 ∧ 𝑥 < 15  
∧ (𝑓1 ∧ ¬𝑓2) 

𝑥 = 𝑦 + 10 ∧ 𝑥 < 15  
∧ (¬𝑓1 ∧ 𝑓2) 

𝑥 = 𝑦 + 10 ∧ 𝑥 < 15  
∧ (¬𝑓1 ∧ 𝑓2) 

𝑎𝑠𝑠𝑢𝑚𝑒(𝑓2) 

𝑥 = 𝑦 + 10 ∧ 𝑥 < 15  
∧ (¬𝑓1 ∧ 𝑓2) (r,f1) (r,f2) 

S1 TC1 TC1 

S2 TC1 TC1 

S3 TC3 

S4 TC2 

S5 TC3 TC2 

S6 TC1 TC1 

Test Cases 

TC1 y=5, x=15 ⊥ 

TC2 y=11, x=1 ¬f1⋀f2 

TC3 y=11, x=1 f1∧ ¬f2 

S5 may also be 
covered in 

the variant (r,f1) 

[Beyer et al. 2004], [Rhein et al. 2011], [Apel et al. 2013] 

A BDD analysis checks if a location 
may be reached by a path with another 

feature configuration. 

A BDD analysis checks if a location 
may be reached by a path with another 

feature configuration. 

𝑡𝑟𝑢𝑒 ∧ ((𝑓1 ∧ ¬𝑓2) ∨ (¬𝑓1 ∧ 𝑓2)) 

𝑥 = 𝑦 + 10 ∧ ((𝑓1 ∧ ...) 
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𝑥 = 𝑦 + 10 ∧ 𝑥 < 15  
∧ ((¬𝑓1 ∧ 𝑓2) ∨ (𝑓1 ∧ ¬𝑓2)) 

Test Case Derivation from Counterexamples 

1.   S1: int x = y + 10; 

2.   … // more code 

3.   S2: if (y < 15) { 

4.       if (f1) 

5.           S3: doSth1(); 

6.       else if (f2) 

7.           S4: doSth2(); 

8.       else goto S6; 

9.       S5: doSth3(); 

10.   } 

11.   S6: finish(); 

1 1 

2 

3 3 

11 11 

4 

5 5 6 

7 7 

9 9 

𝑎𝑠𝑠𝑖𝑔𝑛(𝑥 = 𝑦 + 10) 

𝑥 = 𝑦 + 10 ∧ ((𝑓1 ∧ ...) 

𝑎𝑠𝑠𝑢𝑚𝑒(𝑥 ≥ 15) 𝑎𝑠𝑠𝑢𝑚𝑒(𝑥 < 15) 

𝑥 = 𝑦 + 10 ∧ 𝑥 ≥ 15  
∧ ((𝑓1 ∧ ...) 

(𝑥 = 𝑦 + 10) ∧ (𝑥 < 15) ∧ ((𝑓1 ∧ ...) 

𝑎𝑠𝑠𝑢𝑚𝑒(¬𝑓1) 𝑎𝑠𝑠𝑢𝑚𝑒(𝑓1) 

𝑥 = 𝑦 + 10 ∧ 𝑥 < 15  
∧ (𝑓1 ∧ ¬𝑓2) 

𝑥 = 𝑦 + 10 ∧ 𝑥 < 15  
∧ (¬𝑓1 ∧ 𝑓2) 

𝑎𝑠𝑠𝑢𝑚𝑒(𝑓2) 

𝑥 = 𝑦 + 10 ∧ 𝑥 < 15  
∧ (¬𝑓1 ∧ 𝑓2) (r,f1) (r,f2) 

S1 TC1 TC1 

S2 TC1 TC1 

S3 TC3 

S4 TC2 

S5 TC3 TC2 

S6 TC1 TC1 

Test Cases 

TC1 y=5, x=15 ⊥ 

TC2 y=11, x=1 ¬f1⋀f2 

TC3 y=11, x=1 f1∧ ¬f2 
[Beyer et al. 2004], [Rhein et al. 2011], [Apel et al. 2013] 

𝑡𝑟𝑢𝑒 ∧ ((𝑓1 ∧ ¬𝑓2) ∨ (¬𝑓1 ∧ 𝑓2)) 

𝑥 = 𝑦 + 10 ∧ ((𝑓1 ∧ ...) 
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𝑥 = 𝑦 + 10 ∧ 𝑥 < 15  
∧ ((¬𝑓1 ∧ 𝑓2) ∨ (𝑓1 ∧ ¬𝑓2)) 

Test Case Derivation from Counterexamples 

1.   S1: int x = y + 10; 

2.   … // more code 

3.   S2: if (y < 15) { 

4.       if (f1) 

5.           S3: doSth1(); 

6.       else if (f2) 

7.           S4: doSth2(); 

8.       else goto S6; 

9.       S5: doSth3(); 

10.   } 

11.   S6: finish(); 

1 1 

2 

3 3 

11 11 

4 

5 5 6 

7 7 

9 9 

𝑎𝑠𝑠𝑖𝑔𝑛(𝑥 = 𝑦 + 10) 

𝑥 = 𝑦 + 10 ∧ ((𝑓1 ∧ ...) 

𝑎𝑠𝑠𝑢𝑚𝑒(𝑥 ≥ 15) 𝑎𝑠𝑠𝑢𝑚𝑒(𝑥 < 15) 

𝑥 = 𝑦 + 10 ∧ 𝑥 ≥ 15  
∧ ((𝑓1 ∧ ...) 

(𝑥 = 𝑦 + 10) ∧ (𝑥 < 15) ∧ ((𝑓1 ∧ ...) 

𝑎𝑠𝑠𝑢𝑚𝑒(¬𝑓1) 𝑎𝑠𝑠𝑢𝑚𝑒(𝑓1) 

𝑥 = 𝑦 + 10 ∧ 𝑥 < 15  
∧ (𝑓1 ∧ ¬𝑓2) 

𝑥 = 𝑦 + 10 ∧ 𝑥 < 15  
∧ (¬𝑓1 ∧ 𝑓2) 

𝑎𝑠𝑠𝑢𝑚𝑒(𝑓2) 

𝑥 = 𝑦 + 10 ∧ 𝑥 < 15  
∧ (¬𝑓1 ∧ 𝑓2) (r,f1) (r,f2) 

S1 TC1 TC1 

S2 TC1 TC1 

S3 TC3 

S4 TC2 

S5 TC3 TC2 

S6 TC1 TC1 

Test Cases 

TC1 y=5, x=15 ⊥ 

TC2 y=11, x=1 ¬f1⋀f2 

TC3 y=11, x=1 f1∧ ¬f2 
[Beyer et al. 2004], [Rhein et al. 2011], [Apel et al. 2013] 

𝑡𝑟𝑢𝑒 ∧ ((𝑓1 ∧ ¬𝑓2) ∨ (¬𝑓1 ∧ 𝑓2)) 

𝑥 = 𝑦 + 10 ∧ ((𝑓1 ∧ ...) 

⊥ 
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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 

 

 

 

 

 

 

                                                                   

 

S1 

S2 

S3 

1.   S1: int x = y + 

10; 

2.   … // more code 

3.   S2: if (y < 15) { 

4.       if (f1) 

5.           S3: 

doSth1(); 

6.       else if (f2) 

7.           S4: 

doSth2(); 

8.       else goto S6; 

9.       S5: doSth3(); 

10.   } 

11.   S6: finish(); 

Environment Environment Program Program 

Non-deterministic 
behavior C1 

C3 

C2 

Reconfiguration 

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 

 

 

 

 

 

 

- CPAchecker offers techniques to handle non-deterministic behavior 
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S2 

S3 

1.   S1: int x = y + 

10; 

2.   … // more code 

3.   S2: if (y < 15) { 

4.       if (f1) 

5.           S3: 

doSth1(); 

6.       else if (f2) 

7.           S4: 

doSth2(); 

8.       else goto S6; 

9.       S5: doSth3(); 

10.   } 

11.   S6: finish(); 

Environment Environment Program Program 

Non-deterministic 
behavior C1 

C3 

C2 

Reconfiguration 
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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 

 

 

 

 

 

 

- CPAchecker offers techniques to handle non-deterministic behavior 

 

S1 

S2 

S3 

1.   S1: int x = y + 

10; 

2.   … // more code 

3.   S2: if (y < 15) { 

4.       if (f1) 

5.           S3: 

doSth1(); 

6.       else if (f2) 

7.           S4: 

doSth2(); 

8.       else goto S6; 

9.       S5: doSth3(); 

10.   } 

11.   S6: finish(); 

Environment Environment Program Program 

Non-deterministic 
behavior C1 

C3 

C2 

Reconfiguration 

1. How to test reconfigurations efficiently? 1. How to test reconfigurations efficiently? 

2. What is a suitable coverage criteria? 2. What is a suitable coverage criteria? 

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