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Software Product Lines : What and Why?

Modeling Variability in Software Product Lines

Validating Product Lines

A Framework for Variability Coverage

Toward Product Line Driven Test Processes



3

Outline

Toward Product Line Driven Test Processes

1. Exploiting SPL Lifetime

2. Variable Interaction Coverage Criteria

3. Challenges and Open Issues
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The Meaning of Validation

A program is validated if we have
confidence that it will operate correctly

A software product line is validated if we
have confidence that any instance of that
produce line will operate correctly
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A Two Way Street

As we validate programs, that are instances of
an SPL, we gain confidence in the validity of
the SPL itself

As we gain confidence in an SPL, our
baseline belief in the validity of SPL
instances is increased.
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SPL Test Coverage
Variability is key

– Faulty interactions among sets of variants are a
concern

Evaluate the extent to which sets of variants
have been validated

Variability interaction coverage
– Apply interaction coverage to relational model of

variability in an SPL
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Variability Interaction Coverage

Consider a SPL with k variability-related factors

Recall that t-way coverage means
for all t-sized subsets of factors, 0 ≤ t < k,

all combinations of values those factors appears

2-way, or pair-wise, coverage means
all pairs of variant to VP bindings in an SPL are
covered
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Variability Interaction Coverage

We can define a family of coverage criteria for
variability models based on coverage strength

Criteria are ordered by strength
t-way coverage subsumes (t-1)-way coverage

Variable-strength criteria : vs(min,max)
vs(min,max) subsumes min-way coverage
max-way coverage subsumes vs(min,max)
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Important caveat …

We are not talking about how to test a SPL
instance
– We assume that existing methods for

program testing can be applied

– Clearly our inferences about SPL validation
are dependent on the fault revealing power
of the underlying program testing method
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Challenges

Scaling Interaction Testing
– Only applied to simple models to date
– Sampling with CA’s will reduce the test

space and provide low-cost test adequacy
criteria

But:
– Real SPLs may have hundred of VPs and

several hundreds of variants
– Will the complexity introduced by real

software product lines scale?
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Challenges

Treating Rich Constraints
– As constraints grow in complexity and

number, the difficulty of modeling and
generating CA test suites increases

– Can emerging techniques for encoding and
analyzing collections of constraints, e.g.,
SAT, BDDs, be integrated with CA
techniques?
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Challenges

SPL-driven Instance Testing
– An instance of a software product line is a

program, but it’s not an arbitrary program

– Can we exploit the SPL model to generate
tests that are effective at revealing faults?

– Can such methods be made sensitive to
cumulative coverage information?
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Challenges

Empirical Evidence
– Empirical evidence for interaction testing is derived

from non-SPL software testing

But:

– Variability in an SPL may differ significantly from
configurable programs

– We need empirical evidence on product lines to:
• Understand sizes (number of variability points and

variants)

• Quantify extent and complexity of constraints

• Effectiveness and feasibility of combinatorial testing
methods
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