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Example Product Line: Eclipse 
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Example: Feature model 
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• How do we gain confidence in that any valid 

product will work? 

Basic Question of SPL Testing 
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• Generally, not done in industry 

• Problems of scalability 

– ScenTED and PLUTO 

• Variability stereotyped onto a UML model. 

• UML model becomes large (it is the union of all products) 

• How to generate the tests is still unsolved. 

– Incremental approach 

• Differences between products modeled precisely. 

• Involves intractable formal analysis. 

– Large, unsolved problem in informatics. 

– Combinatorial Interaction Testing (CIT) 

• … 

Many suggestions 
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Interaction faults 

• A bug that occurs when 2 features are in a 

product 

– 2-wise interaction fault 

• The other do not matter 
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Interaction faults 

• A bug that occurs when 4 features are in a 

product 

– 4-wise interaction fault 

• The other do not matter 
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• Kuhn et al. 2004: 

– Most bugs can be attributed to the interaction of a 

few features. 

Empirical basis for CIT 



MODELS 2011, Wellington, New Zealand, October 2011 

 

9 

• Produce a covering 

array 

– The valid products that 

includes all interactions 

between e.g. 2 

features. 

– Generating such an 

array is regarded as 

intractable (takes too 

long). 

• Apply a single system 

testing technique to 

each product 

Combinatorial Interaction Testing (CIT) 
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• Answer: No! 

• Outline of the argument 

– Analyze the complexity of CIT. 

– Identify the intractable part. 

– Identify the reason and whether that reason is valid. 

– Experiment that motivated the analysis. 

– Is our conclusions consistent with empirics? 

CIT: Is it really intractable? 
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• Set covering is NP-Complete 

• Chvátal's algorithm 

– Greedy approximation of set 

cover 

– Add the product that cover as 

many new interactions as 

possible – until all are covered. 

• Add a product ≡ SAT 

• is NP-hard: No approximation is 

possible… 

• Therefore covering array generation 

is intractable… 

Covering array generation 

+ + + … 



MODELS 2011, Wellington, New Zealand, October 2011 

 

12 

Feature models and SAT 

q = ( (~p & d & c ) V (p & d & c) V (p & d & ~c) V (p & ~d & ~c) ) V … 

Takes exponential time on a SAT Solver… 

p=true, d=true, c=false, … ? 
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• A company has developed a product line and 

modeled the valid configurations/products 

with a feature model 

• Scenario 1: 

– No one is able to configure it… (SAT is NP-hard) 

– Then testing is not your concern 

• Scenario 2: 

– A lot of products in the market 

– Then it must have been relatively quick to 

configure it 

Finding a single product 
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• Scenario 3: 

– A computer takes several hours to find a solution. 

– Violation of the purpose of feature models 

• Should enable customers to configure a product to fit 

their business needs. 

• Start with an empty configuration and add features as 

needed, while understanding the implications of their 

decisions. 

– Both customers and developers will be unable to 

reason about the configurations 

• Therefore, realistic feature models are quickly 

satisfiable 

Finding a single product 



MODELS 2011, Wellington, New Zealand, October 2011 

 

15 

• gathered available feature 

models (not randomly 

generated) 

• Implemented tool 

– Handles all the formats 

• Our source of empirics. 

• Feature models and tool 

available 

 

 

 

Experiment 
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• SAT generally is O(2^n) 

• Was a source of 

inspiration for the quick 

satisfiability 

Is it consistent with empirics? 
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Future work 

• A more efficient algorithm is still needed. 

– The quick satisfiability property can be utilized to 

achieve this. 
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• Our contributions 

– An experiment on a collection of realistic feature 

models 

• Feature models 

• Tool implementation 

– Quick satisfiability is a property of realistic feature 

models. 

– That property makes CIT feasible for testing 

realistic product lines. 

In conclusion 


