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Advantages
I Tailor-made
I Reduced costs
I Improved quality
I Time to market
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SPL Elements
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SPL Elements
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Software Product Line Evolution
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Feature Renaming Scenario

Commit 84743ea369
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Safe Evolution

Every product from L has a compatible product in L’
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SPL Refinement
L v L ′ whenever

∀c ∈ JF (L )K · ∃c ′ ∈ JF (L ′)K · prod (L , c ) v prod (L ′, c ′)
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Feature Removal Scenario

Commit ae3e4c2776 11



Partially Safe Evolution

There is no product compatible with p4 in L ′
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Objectives
I Define partial refinement theory
I Derive properties
I Provide transformation patterns
I Evaluate these patterns
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Refinement x Partial Refinement

S is a set of configurations
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Defining SPL Partial Refinement
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SPL Partial Refinement
L vS L ′ whenever

S ⊆ JF (L )K ∧ S ⊆ JF (L ′)K
and

∀c ∈ S · prod (L , c ) v prod (L ′, c )
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Partial Refinement is a Pre-order

L1 vS L2 ∧ L2 vT L3
⇒L1 vS∩T L3
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Refinement is not particular case of PartialRefinement If S = JF (L )K, L v L ′ , L vS L ′

Commit 84743ea369
In this example, L v L ′, but L @S L ′ 18



Weak Partial Refinement

L vf L ′ whenever

∀c ∈ dom (f )·f (c ) ∈ JF (L ′)K ∧ prod (L , c ) v prod (L ′, f (c ))
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Four Refinement Notions
I SPL Refinement - L v L ′

I Name Aware SPL Refinement - L � L ′

I Partial SPL Refinement - L vS L ′

I Weak Partial SPL Refinement - L vf L ′
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Combining Safe and Partially Safe Situations
I Safe and partially safe notions can be used together
I Partial and full refinement are appliedinterchangeably
I We should provide support in such situations
I We define properties that guarantee refinementafter two different types of evolution scenarios

21



Partially Safe Evolution Scenario - FeatureRemoval

Commit ae3e4c2776
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Safe Evolution Scenario - Feature Renaming

Commit 84743ea369
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Feature Removal and Renaming

S is the set of configurations that do not haveLEDS _RENESAS _TPU
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The result is a Weak Partial Refinement

f (c ) = c [GPIO _LANGWELL /GPIO _INTEL _MID ]
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Commutativity of Refinement and PartialRefinement
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Commutativity of Refinement and PartialRefinement

∀L1, L2, L4, S · L1 vS L2 ∧ L2 � L4
⇒ ∃L3 · L1 � L3 ∧ L3 vS L4

∀L1, L3, L4, S · S ⊆ JF (L1)K ∧ L1 � L3 ∧ L3 vS L4
⇒ ∃L2 · L1 vS L2 ∧ L2 � L4
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Partially Safe Evolution Templates
I Abstractions of partially safe evolution scenarios
I Defined based on preexisting templates
I Precisely determine which subset of products isrefined for each situation
I Templates are easier to understand comparing tothe theory
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Remove Feature Example

Commit ae3e4c2776 29



Alternative Notation
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Remove Feature Template

F � O is the set of configurations that are generatedfrom F and do not have O
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Other Compositional Templates

Add/Remove AssetsTemplate Change/Add/Remove CKLines Template
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Transformational Templates
Remove Feature Transformational Template
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Change Asset Example

Commit 2627b7e15c
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Change Asset Template

(F ,A ,K ) � {n } is the set of configurations that aregenerated from F whose features are not implementedby n
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Transform Optional to Mandatory Template
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Evaluation
Main GoalDiscover whether the proposed templates would beapplicable in a product line development context
Research Question

How often are partially safe evolution templatesapplicable in a software product line project?
MetricNumber of partially safe evolution scenarios thatmatch each template
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Projects Analysed

http://github.com/torvalds/linux
http://github.com/solettaproject/soletta
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FEVER Tool

[Dintzner et al. MSR 2016] FEVER: Extracting Feature-oriented Changes from Commits 39



Templates Identified
I Change Asset
I Add Assets
I Remove Assets
I Change CK Line
I Add CK Lines
I Remove CK Lines
I Remove Feature
I Transform optional to mandatory
I Move feature
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Query Example
Change Asset Template
MATCH (c:commit)-[:TOUCHES]->(file:ArtefactEdit)
WHERE
NOT (c)-[:CHANGES_VM]->(:FeatureEdit) AND
NOT (c)-[:CHANGES_BUILD]->(:MappingEdit) AND
file.type="source" AND
NOT (c)-[:TOUCHES]->(:ArtefactEdit {type:"source"

,change:"ADDED"}) AND
NOT (c)-[:TOUCHES]->(:ArtefactEdit {type:"source"

,change:"REMOVED"})
RETURN DISTINCT c
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Change Asset Example

Commit 2627b7e15c
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Results - Linux
Template Found Excl. Problems RemainingChangeAsset 55345 780 Changetype 54565 (89.4%)
AddAssets 181 13 Dataset 168 (0.27%)
RemoveAssets 17 1 Dataset 16 (0.02%)
ChangeCK Line 18 0 Query 18 (0.02%)
Add CKLines 9 0 Query 9 (0.01%)
RemoveCK Lines 12 0 Query 12 (0.02%)
RemoveFeature 93 25 Query 68 (0.11%)
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Reducing Change Asset Imprecision

http://lucene.apache.org/core/
http://github.com/prga/conflictsAnalyzer 44
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Term Frequency Analysis
Term Frequency RankUse 12609 1Fix 11836 2Patch 9921 3Add 9916 4Remove 8352 8Error 4200 41Change 4131 42Bug 1870 146Failure 1228 267Rename 1111 305Modify 431 954Refactor 422 976
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Linux Results Summary
Merge Commits 5413Analysed Commits 61897Total 67310

Supported CommitsYes 55635 (89,88%)No 6262 (10,12%)
The 10% include, among others:

I Safe evolution scenarios
I Changes only to the FM
I Changes only to non-source files
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Results - Soletta
Template Found Excl. Problems RemainingChangeAsset 1496 0 Change type 1496 (65%)
AddAssets 5 0 Dataset 5 (0.22%)
RemoveAssets 0 0 Dataset 0 (0%)
ChangeCK Line 9 0 Query 9 (0.39%)
Add CKLines 3 0 Query 3 (0.13%)
RemoveCK Lines 0 0 Query 0 (0%)
RemoveFeature 5 3 Query 2 (0.09%)
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Soletta Results Summary
Merge Commits 1Analysed Commits 2299Total 2300

Supported CommitsYes 1515 (65,89%)No 785 (34,14%)
The 34% include, among others:

I Safe evolution scenarios
I Changes only to the FM
I Changes only to non-source files
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Threats to Validity
ConstructSome scenarios actually represent safe evolutionEg.: asset refinement
InternalPossible bugs in FEVERQueries precisionManual analysis
ExternalOther projectsOther periods of the Linux project
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Conclusion
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Future Work
I Derive other properties
I Define other templates
I Deeper evaluation
I Tool to support developers
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