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1. Software product variants

§ Are similar software

o Share mandatory features
o Differ in optional features
o Developed via clone-and-own approach

§ Examples

o Linux kernel « https://www.kernel.org/ »
o Mobile media « http://www.ic.unicamp.br/~tizzei/mobilemedia/ »
o ArgoUML « http://argouml-spl.tigris.org/ »
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2. Software product Line

§ Software-intensive systems come in many variants

§ Motivations:

o Reduce cost and time of software development

o reuse, etc.
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ü Software product variants

§ Difficulties for:

o Reuse

o Maintenance

o Program understanding (comprehension)

ü Software Product Line

§ Design from scratch is a hard task
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...	Feature	(mandatory,	optional)	?

...	Feature	Name	and	description	?

...	Feature	dependencies	(feature	model)	?
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ü Reverse engineering FM from the source code of software product variants
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§ Feature	model	mining	(reverse	engineering	step):

ü Mining	functional	features

ü Documenting	mined	feature	implementations

ü Mining	feature	dependencies	(require,	exclude,	group	of	features:	xor,	or	,and)

Strategy
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Software Variants Source Code
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§ We exploit commonality and variability across the source code of software variants, to

apply IR methods in an efficient way

§ We rely on lexical and structural similarity to mine feature implementation

§ Variability at different levels of source code elements

§ The REVPLINE feature location approach uses two techniques: FCA and LSI
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§ Formal Concept Analysis (FCA)

ü « objects + attributes classified concepts »
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The	Formal	Context	and	AOC-poset for	Text	Editor	software	Variants
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§ Latent Semantic Indexing (LSI)

ü IR technique

ü Computes textual similarity among different documents

ü If two documents share a large number of terms, those documents are similar
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LSI
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§ A Feature has the same implementation in all product variants where it is present

§ Feature are implemented as OBEs: package, class, attribute, method, etc.

§ Junction = overlap of feature implementations
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Lexical Versus Structural Similarity Between OBEs

§ Lexical Similarity

o LSI method

§ Structural Similarity

o We consider five dependencies "coupling“ between OBEs: inheritance, method

invocation, composition, attribute access and combined coupling
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§ An Illustrative Example: Drawing Shapes Software Variants
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§ A formal context describing drawing shapes software variants by their OBEs
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The AOC-poset
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Measuring OBEs’ Similarity Based on Lexical & Structural Similarity
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Outline

Documenting the Mined Feature Implementation
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1. Single software system = labels / names / topics / code summarization

2. Software variants = manually assign feature names to mined feature implementations

ü Feature documentation = giving a name / description for the mined feature implementation

ü The mined feature implementation must be documented

o For the purpose of constructing a FM
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§ We exploit commonality and variability across software variants, at feature implementation

and use-cases levels, to apply IR methods in an efficient way

§ Our approach gives each feature implementation a name and description based on the use-

case name and description

§ Feature documentation = Names of the OBE when use-cases are missing

§ The REVPLINE documentation approach uses three techniques: FCA, LSI and RCA
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§ Relational Concept Analysis (RCA)

ü « Objects (in categories) + attributes + relations classified concepts in several

categories »
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Relational Context Family
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§ In our work, each use-case represents a feature
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§ Mobile Tourist Guide (MTG) Software Variants
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The	use-case	diagrams	of	the	second and	fourth MTG	software	variants
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The concept lattice family of relational context family
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Exploring and filtering the hybrid blocks CLF to identify features documentation
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§ Naming Feature Implementation Based on OBE Names:

1. Extracting and tokenizing OBE names from the identified feature implementation

2. Weighting tokens

3. Constructing the feature name
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Using Identifier Names

ü The	proposed	name	=	StreetShowView
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Reverse Engineering Feature Models from Software 

Configurations
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o Automatic approach to organize the mined and documented features into a FM

o Features are organized in a tree which highlights

ü Mandatory features

ü Optional features

ü Feature groups (and, or, xor groups)

ü cross-tree constraints: require and exclude constraints

o We rely on FCA and software configurations

o The FMs are generated in very short time
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Key Ideas
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Existing Cell phone SPL FM
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The	AND	feature
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The	XOR	feature
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The	OR	feature
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The	OR	feature
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The mined FM
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« In	our	approach,	feature	selection	
constraints	are	not	detected	»

FM Evaluation
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Experimentation and Threats to Validity
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ü ArgoUML-SPL = real SPL, 10 products, large systems, Java, well documented

ü Health complaint-SPL = real SPL, 10 products, medium systems, Java, well documented

ü Mobile Media = real software variants, 4 products, small systems, Java, well documented

Ø Evaluation Metrics: precision, recall and F-Measure
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ArgoUML SPL
Context		Problem		Goal			Process			Feature	Location			Feature	Documentation			Reverse	Engineering	FM		Experimentation				Threats to	Validity		Conclusion			Future	Directions

ArgoUML screenshot



54

Health Complaint SPL
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Mobile Media software product variants
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o Results show that the precision metric appears high

o Results show that the recall metric appears so high

o We cannot use a fixed number of topics for LSI
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ü The lexical and structural similarity approach gives better results than the lexical

approach alone
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Part of the sequence diagram feature implementation

Feature Location
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o Results show that recall value in all cases is 100%

o Results show that precision value either 100% or 50%

o Number of topics for LSI = # of feature implementations
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Feature Documentation

Examples (Feature Name and Description)

ü Use-case diagram: "a use-case is a set of scenarios that describes an interaction between a

user and a system. A use-case diagram displays the relationship among actors and use-cases.

The two main components of a use-case diagram are use-cases and actors"

ü View sorted photos: "the device sorts the photos based on the number of times photo has

been viewed"

ü Specify food complaint: "this use case allows a citizen to register a food complaint. The

food complaint has the following information: food complaint data, description and

observations"
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FM Reverse Engineering

o Considering the recall metric, it is value is 100% for all case studies

o Results show that precision appears to be not very high for all case studies
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Evaluation	metrics	for	FM	Reverse	Engineering
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Reverse Engineering FMs from Samples of Program Configurations
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Threats to validity

1. Lexical similarity

2. We consider junction as feature implementations

3. Dynamic analysis techniques

4. There is a limitation of using FCA as clustering technique

5. Each use-case represents a single feature

6. The mined FM defines more configurations than the initial FM
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