
Modeling Variability in Natural Language 
Documents: Two Case Studies

Sana Ben Nasr, Mathieu Acher an Benoit Baudry

GDR GPL, 09 October 2015
Paris

1



DiverSE team

2

Research in software 
engineering.
- 8 faculty members
- 40 researchers and 

engineers on projects
- SPL, MDE, distributed

systems and verification
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There are numerous artefacts that 
exhibit features and their dependencies.

Product Line

Modeling	
variability	
is	crucial
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Mining and Modeling Variability 
from Informal, Textual Documents

Regulatory Requirements

Feature Model Products Comparison Matrix

Informal Product 
Descriptions

Case Study 1:
Nuclear power plants

Case Study 2:
Manufactured products

n products



Case Study 1: Modeling Variability in 
Nuclear Domain
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RELAW	2012	- Sannier	2012/09/25
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CONNEXION Project :
Overview of the nuclear regulatory landscape



Complexity of regulatory 
requirements
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Lack of Product Line Culture
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regulatory 
requirements and 

practices
Design rules I&C Architecture

Requirements repository Design rules catalogue Design partner of I&C 
Architecture

instantiated 
by project instantiated 

by project 
instantiated 
by project 

Kermeta
(Inria) conformant to conformant to

regulatory 
requirements and 

practices
Design rules I&C Architectureregulatory 

requirements and 
practices

Design rules I&C Architecture

traceability demonstration / 
variability impact

traceability demonstration /
variability impact



Overview of the Approach

Fig. A two-stages approach (overview)
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Sana Ben Nasr, Nicolas Sannier, Mathieu Acher, and Benoit Baudry. Moving Toward Product Line Engineering in a 
Nuclear Industry Consortium. In 18th International Software Product Line Conference (SPLC’2014), Florence, Italy, 
September 2014.



Mining variability in IEC and IEEE standards 
Topic: Independence

Requirements similarity identification
Requirements are considered related if they concern similar matters.

Feature clustering 
Requirements which are semantically similar are "clustered" to form a feature.

Example:
IEC 60709.1, IEC 60709.11 and IEC 60709.12  => Prevent System Degradation 
IEEE 384.1 and IEEE 384.5 => Communication Separation
IEC 60709.1, IEC 60709.11, IEC 60709.12, IEEE 384.1 and IEEE 384.5 => Independence between Systems of Different 
Classes

Independence between 
redundant parts

Independence between 
systems of different classes

Prevent  Failure Effects

Physical Separation

Electrical Isolation

Prevent physical  effects

Independence between 
systems of different classes

10



11

Standards BM 

Standards VAM

Variation points



Mapping between Design Rules VAM and 
I&C Architecture 

Fig. Mapping Design Rules VAM with Systems 
Communication

Class 1

Class 2

Class 3

Class 2
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Lessons Learned and Discussion

RQ1: How to Introduce Variability Modeling to Nuclear Engineers?

• We set up several half to full-day workshops 
• We proposed a dedicated variability training performed by one of the author
• We localized where there will be valuable variability to model
• We elicited what our industry partners expect from the variability modeling.

RQ2: What is the Best Variability Modeling Paradigm Accordingly to the Domain 
Practices?

• We presented several different modeling paradigms, analysis capabilities, current limitations.
• We discussed the choice of the modeling paradigm and the format of data that we will have to handle.
• CVL is domain independent, it supports a broad range of types, including multiple instances, and a 

constraint language for expressing dependencies over these types.
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RQ3: How to Deal with the Search Space in Regulatory Corpora and What Is the Right 
Granularity Level for Modeling Requirements Variability? 

• To narrow the problem space, the first idea was to analyze variability in regulatory documents by 
topic on different corpora and on the same abstraction level.

• Using traceability matrix improves the understandability and the maintainability of variability models.

RQ4: How to Address Requirements Variability on the Architecture?

• There is no direct mapping from requirements to the architecture.
• We propose heading toward modeling variability in design rules since they act as a pivot between 

requirements and the architecture
• This idea allowed us to investigate the robustness of the architecture against regulatory 

requirements.
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Lessons Learned and Discussion



Case Study 2: Extraction of Product Comparison 
Matrices From Informal Product Descriptions 
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Extract Variability from Informal Product 
Descriptions

Features 

Alternatives Values

?

?

? Differences
Commonalities

?
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Challenge: Automatic Extraction of PCMs

Informal products descriptions
(exp: overviews)

PCM (Products Comparison Matrix)
Product Overview
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Overview of the Approach
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Linguistic filters: Patterns, POS 
tagging, Lucene.
Statistical filters: NC-Value

Apriori algorithm
Maximum Frequent itemsets Syntactical Similarity 

(Levenshtein)

Sana Ben Nasr, Guillaume Bécan, Mathieu Acher, João Bosco Ferreira Filho, Benoit Baudry, Nicolas Sannier, and Jean-
Marc Davril. MatrixMiner : A Red Pill to Architect Informal Product Descriptions in the Matrix. In ESEC/FSE’15, 
Bergamo, Italy, August 2015.
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Merge

Synthesize

?

Overview PCM Specification PCM
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Traceability with the
original product descriptions

Traceability with the
technical specifications

Prioritize Features

Filter Cell Values Sort Cell Values

Select a Filter (brand, 
sub category)

http://matrix-miner.variability.io/



Evaluation
2 main datasets: overviews dataset and specifications dataset. 

We mined 2692 raw product overviews.
9 products categories: cover a very large spectrum of domains from BestBuy.
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Empirical Results 

RQ1 Impact of Selected Products on the Synthesized PCM:
• A supervised scoping of the input products reduces the complexity (in average 107.9 of features and 1079.7 of cells) 

and increases the homogeneity and the compactness (only 13.0% of empty cells) of the synthesized PCMs.
• Our approach is capable of extracting numerous quantitative and comparable information (12.5% of quantified features 

and 15.6% of descriptive features).

RQ2. Complementarity of Overview PCM and Specification PCM:
• A significant portion of features (49.7%) and cell values (26.2%) is recovered in the technical specifications, showing the 

usefulness of our approach.
• The proportion of overlap of overview PCMs regarding specification PCMs is significantly greater than the overlap of the 

latter regarding overview matrices.

RQ3. Compact Overview PCM vs Compact Specification PCM:
• An automatic clustering of comparable products regarding technical specification can help to reduce the complexity of 

synthesized overview PCMs. However, it does not lead always to an homogeneous overview matrices (49.0% of 
quantified empty cells and 52.2% of descriptive empty cells). Thus, a compact specification PCM does not guarantee a 
compact overview PCM.
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Summary: Two Case Studies
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Criteria Case Study 1 Case Study 2
Context Nuclear power plants Manufactured products

Target Modeling variability to improve 
certication and safety of I&C 
systems in different countries

Modeling variability to compare 
products

Input Safety requirements Informal product descriptions

Output Feature Models Product Comparaison Matrices

Corpus Size Huge number of requirements Medium amount of text

Number of Products [3-7] Countries n Products

Automation Level Semi-Automatic Automatic

Feature Similar Requirements Similar Terms

Clustering Requirements Clustering Terms Clustering

Similarity Semantic (LSA) Syntactical (Levenshtein)

Traceability Traceability with the original 
regulations

Mapping with the architecture 
elements.

Traceability with the original 
product descriptions.

Traceability with the technical 
specifications.
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Questions

?


