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Introduction

Context

Large or complex product lines

Multi-stakeholder

Multi-viewpoint

I Multi-product

Multi-stage

I Variability extraction and representation

Understanding

Migration

Refactoring

Adaptation

Recommendation
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Introduction

Objective

Targeted description elements

Features

Multi-valued attributes

Cardinalities (for feature or feature group)

I References (for cross-product lines)

Targeted variability relationships extraction

I Binary implications, co-occurrences

I Mutual exclusions

I Groups (OR, XOR)

Constraints, Logic formulas

I III Intermediate structures
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Introduction

Method

Using a framework

In correspondence with propositional/predicate/description logics background

Sound and complete extraction capabilities

Canonical and exhaustive constructions

Graphical representation capabilities

Reusable, Extensible

Underlying theory

Formal Concept Analysis

I Configurations + Features

Relational Concept Analysis

I Configurations + Features
+ Configuration categories
+ relationships between configurations of different categories
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Introduction

Method

Approach in a nutshell

Apply FCA/RCA

Analyze and interpret the conceptual structures

I Mapping to variability relationships (e.g. for refactoring)
I Exploring the conceptual structures (e.g. for recommendation)
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Interconnected product descriptions and their representation

A typical example
Interconnected Product Comparison Matrices (PCM)

Several yes/no columns, column headers are described in another PCM

One multi-valued column, values are rows in another PCM
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Interconnected product descriptions and their representation

Cross-family variability, Multi Product Lines

Survey on MPL [Holl et al., 2012]

Feature Models Reference [Czarnecki et al., 2002, Czarnecki et al., 2004]

Orthogonal Variability Model [Pohl et al., 2005]

Embedded System Families [Streitferdt et al., 2005]

PLs that Supply Other PLs [Trujillo et al., 2007]

Modular Embedded Software Product Lines [Friess et al., 2007]

Dependent software product lines [Rosenmüller et al., 2008]

Modular Feature Models [Bagheri et al., 2011]

Invar, Bridging Heterogeneous Variab. Model. App. [Dhungana et al., 2011]

pure::variants a

Gears b

... ( non exhaustive list)

ahttp://www.pure-systems.com
bhttp://www.biglever.com
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Variability extraction with FCA/RCA

Formal Concept Analysis

Principles [Ganter and Wille, 1999]

General theory on (Galois) connections between lattices structures
[Birkhoff, 1940, Barbut and Monjardet, 1970]

Restricted in FCA to Configurations + Boolean Features = Concepts + Hierarchy

OfficeSuite d
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MsOff spread sheet, text standard
vector graphics, presentation

libreOff spread sheet, text standard
vector graphics, presentation

TexM text, math formula, presentation high
TexLxM text, math formula, presentation high
ScWrd text, math formula, presentation high
Scribs layout design, vector graphics standard
Indesig layout design, vector graphics standard

product description table
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MsOff × × × × × ×
libreOff × × × × × ×
TexM × × × × ×
TexLxM × × × × ×
ScWrd × × × × ×
Scribs × × × ×
Indesig × × × ×

binary table Configurations +
Boolean Features (formal context)

Simplified description of dummy office suites

J. Carbonnel et al. Cross-product Family Variability Extraction SPLC 2019 8 / 34



Variability extraction with FCA/RCA

FCA

Principles

Configurations + Features = Concepts + Hierarchy
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MsOff × × × × × ×
libreOff × × × × × ×
TexM × × × × ×
TexLxM × × × × ×
ScWrd × × × × ×

Scribs × × × ×
Indesig × × × ×

formal context

Concept OfficeSuite 5

text

presentation

qualityTS

MsOff

libreOff

TexM

TexLxM

ScWrd
concept

Concept = maximal configuration set sharing maximal feature set
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Variability extraction with FCA/RCA

FCA

Principles

Configurations + Features = Concepts + Hierarchy

Concept OfficeSuite 3

text

formula

presentation

qualityTS

HighTS

TexM

TexLxM

ScWrd

concept

Concept OfficeSuite 5

text

presentation

qualityTS

MsOff

libreOff

TexM

TexLxM

ScWrd

concept

Concept OfficeSuite 5

text

presentation

qualityTS

MsOff

libreOff

TexM

TexLxM

ScWrd

↑
Concept OfficeSuite 3

text

formula

presentation

qualityTS

HighTS

TexM

TexLxM

ScWrd

Specialization

Concept OfficeSuite 5

text

presentation

qualityTS

MsOff

libreOff

↑
Concept OfficeSuite 3

formula

HighTS

TexM

TexLxM

ScWrd

Inheritance
Features: top-down

Configurations: bottom-up

J. Carbonnel et al. Cross-product Family Variability Extraction SPLC 2019 10 / 34



Variability extraction with FCA/RCA

FCA

Principles

Configurations + Features = Concepts + Hierarchy

Concept_OfficeSuite_6
qualityTS

Concept_OfficeSuite_1
spreadSheet

MsOff
libreOff

Concept_OfficeSuite_5
text

presentation

Concept_OfficeSuite_4
vectorGraphics
StandardTS

Concept_OfficeSuite_0

Concept_OfficeSuite_3
formula
HighTS
TexM
TexLxM
ScWrd

Concept_OfficeSuite_2
layoutDesign

Scribs
Indesig

Concept lattice
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Variability extraction with FCA/RCA

FCA

Variability extraction [Loesch and Ploedereder, 2007, Ryssel et al., 2011]

Implications and co-occurences

Concept_OfficeSuite_6
qualityTS

Concept_OfficeSuite_1
spreadSheet

MsOff
libreOff

Concept_OfficeSuite_5
text

presentation

Concept_OfficeSuite_4
vectorGraphics
StandardTS

Concept_OfficeSuite_0

Concept_OfficeSuite_3
formula
HighTS
TexM
TexLxM
ScWrd

Concept_OfficeSuite_2
layoutDesign

Scribs
Indesig

Concept OfficeSuite 3
subconcept of

Concept OfficeSuite 5

formula ⇒ text

Both introduced in
Concept OfficeSuite 5

text ⇔ presentation
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Variability extraction with FCA/RCA

FCA

Variability extraction

Mutex

Concept_OfficeSuite_6
qualityTS

Concept_OfficeSuite_1
spreadSheet

MsOff
libreOff

Concept_OfficeSuite_5
text

presentation

Concept_OfficeSuite_4
vectorGraphics
StandardTS

Concept_OfficeSuite_0

Concept_OfficeSuite_3
formula
HighTS
TexM
TexLxM
ScWrd

Concept_OfficeSuite_2
layoutDesign

Scribs
Indesig

Concept OfficeSuite 3
and

Concept OfficeSuite 2
have no common subconcept
introducing a configuration

formula ⇒ ¬ layoutDesign
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Variability extraction with FCA/RCA

FCA

Variability extraction

Xor Groups

Concept_OfficeSuite_6
qualityTS

Concept_OfficeSuite_1
spreadSheet

MsOff
libreOff

Concept_OfficeSuite_5
text

presentation

Concept_OfficeSuite_4
vectorGraphics
StandardTS

Concept_OfficeSuite_0

Concept_OfficeSuite_3
formula
HighTS
TexM
TexLxM
ScWrd

Concept_OfficeSuite_2
layoutDesign

Scribs
Indesig

Configurations of
Concept OfficeSuite 3

and
Concept OfficeSuite 4

form a partition of
the configurations of

Concept OfficeSuite 6

qualityTS
Xor

{ HighTS, StandardTS }
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Variability extraction with FCA/RCA

FCA

Variability extraction

Candidate Or Groups

Concept_OfficeSuite_6
qualityTS

Concept_OfficeSuite_1
spreadSheet

MsOff
libreOff

Concept_OfficeSuite_5
text

presentation

Concept_OfficeSuite_4
vectorGraphics
StandardTS

Concept_OfficeSuite_0

Concept_OfficeSuite_3
formula
HighTS
TexM
TexLxM
ScWrd

Concept_OfficeSuite_2
layoutDesign

Scribs
Indesig

Configurations of
Concept OfficeSuite 6

are covered by
non disjoint union

of these of
Concept OfficeSuite 5

and
Concept OfficeSuite 4

Office suite
Or

{ text, vector graphics }
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Variability extraction with FCA/RCA

RCA [Hacene et al., 2013]

Principles

Configurations + Features + Configuration categories + relationships between
configurations of different categories = Concepts in Inter-connected Hierarchies

Config co
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x
Secr1 × × × ×
Secr2 × × × ×
Com1 × × × ×
Com2 × × × ×
CEO1 × × × ×
CEO2 × × × ×
ITE1 × × × ×
ITE2 × × × ×
ITE3 × × × ×

OfficeSuite sp
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S

MsOff × × × × × ×
libreOff × × × × × ×
TexM × × × × ×
TexLxM × × × × ×
ScWrd × × × × ×
Scribs × × × ×
Indesig × × × ×

DevTool ti
ck

et

ID
E
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o

d
el

lin
g

b
d

A
d

m
in

Jiraf ×
Bugzz ×
Intelli ×
Eclip × ×
Modellioo ×
Rsaa ×
PHHmiadm ×
MiSeqwb ×

CollabTool m
a

il

vi
d

eo
C

o
n

f

ch
a

t

Outlak ×
Zimbro ×
BlueBird ×
Skyte × ×
ApachOM × ×

MngtSoft p
la

n
n

in
g

b
u

d
g

et
C

h
ar

t

G
a

n
tt
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t
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n
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ti
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e

eclipPPM × × × × × × ×
ganttPrjct × ×
Mansit × ×
orPrimaPPM × × × × × × × ×
ZhooOS × × × × × × × ×
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Variability extraction with FCA/RCA

RCA

Principles

Configuration categories + Configurations + Features + relationships between
configurations of different categories = Concepts in Inter-connected Hierarchies

OffSuit M
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ff
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ff

T
ex

M

T
ex

L
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rd

S
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d
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ig

Secr1 ×
Secr2 ×
Com1 × ×
Com2 × ×
CEO1 ×
CEO2 ×
ITE1 × ×
ITE2 × × ×
ITE3 × ×

devTool J
ir

a
f
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M
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eq
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b

Secr1
Secr2
Com1
Com2
CEO1
CEO2
ITE1 × × ×
ITE2 × × ×
ITE3 × × × ×

collabTool O
u
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a

k

Z
im

b
ro

B
lu

eB
ir

d

S
k
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A
p

a
ch

O
M

Secr1 ×
Secr2 ×
Com1 ×
Com2 ×
CEO1 × ×
CEO2 × ×
ITE1 × ×
ITE2 × ×
ITE3 × ×

mngtSoft ec
lip

P
P
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t
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P

P
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Z
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S

Secr1
Secr2
Com1
Com2
CEO1 ×
CEO2 ×
ITE1
ITE2
ITE3
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Variability extraction with FCA/RCA

RCA

Configuration categories + Configurations + Features + relationships between
configurations of different categories = Concepts in Inter-connected Hierarchies

Introducing relational attributes
a quantifier a relation a concept
∃∀ OffSuit (Concept OfficeSuite 1)

All links for OffSuit go to (Concept OfficeSuite 1) extent 1

1and to super concepts by construction
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Variability extraction with FCA/RCA

RCA: Concept lattices

Concept_CollabTool_3

Concept_CollabTool_2
mail
Outlak
Zimbro
BlueBird

Concept_CollabTool_0

Concept_CollabTool_1
videoConf

chat
Skyte

ApachOM

Concept_DevTool_6

Concept_DevTool_2
ticket
Jiraf
Bugzz

Concept_DevTool_0

Concept_DevTool_1

Eclip

Concept_DevTool_4
bdAdmin
PHHmiadm
MiSeqwb

Concept_DevTool_3
IDE
Intelli

Concept_DevTool_5
modelling
Modellioo
Rsaa

Concept_MngtSoft_2
planning
Gantt

ganttPrjct
Mansit

Concept_MngtSoft_0
budgetChart
orPrimaPPM
ZhooOS

Concept_MngtSoft_1
Pert

analytics
sales
time

resource
eclipPPM

Concept_OfficeSuite_6
qualityTS

Concept_OfficeSuite_1
spreadSheet

MsOff
libreOff

Concept_OfficeSuite_5
text

presentation

Concept_OfficeSuite_4
vectorGraphics
StandardTS

Concept_OfficeSuite_0

Concept_OfficeSuite_3
formula
HighTS
TexM
TexLxM
ScWrd

Concept_OfficeSuite_2
layoutDesign

Scribs
Indesig

J. Carbonnel et al. Cross-product Family Variability Extraction SPLC 2019 19 / 34



Variability extraction with FCA/RCA

RCA: (User) Configuration Concept lattice

Concept_Config_5
config

computer
∃∀ OffSuit(Concept_OfficeSuite_6)

∃∀ collabTool(Concept_CollabTool_3)

Concept_Config_2
desktop
windows

∃∀ collabTool(Concept_CollabTool_2)
Com1
Com2

Concept_Config_12
∃∀ OffSuit(Concept_OfficeSuite_4)

Concept_Config_0

Concept_Config_1
linux
ITE1

Concept_Config_7

Secr1
Secr2

Concept_Config_6
∃∀ mngtSoft(Concept_MngtSoft_0)

CEO1

Concept_Config_9

ITE2
ITE3

Concept_Config_4
labtop

Concept_Config_13
∃∀ OffSuit(Concept_OfficeSuite_5)

Concept_Config_3
macOS

Concept_Config_10
∃∀ devTool(Concept_DevTool_6)

Concept_Config_8
∃∀ mngtSoft(Concept_MngtSoft_1)
∃∀ mngtSoft(Concept_MngtSoft_2)

CEO2

Concept_Config_11
∃∀ OffSuit(Concept_OfficeSuite_1)
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Variability extraction with FCA/RCA

Variability extraction with RCA

An example of co-occurrence

desktop ⇔ ∃∀collabTool(Concept CollabTool 2) —includes mail

Concept_Config_5
config

computer
∃∀ OffSuit(Concept_OfficeSuite_6)

∃∀ collabTool(Concept_CollabTool_3)

Concept_Config_2
desktop
windows

∃∀ collabTool(Concept_CollabTool_2)
Com1
Com2

Concept_Config_12
∃∀ OffSuit(Concept_OfficeSuite_4)

Concept_Config_0

Concept_Config_1
linux
ITE1

Concept_Config_7

Secr1
Secr2

Concept_Config_6
∃∀ mngtSoft(Concept_MngtSoft_0)

CEO1

Concept_Config_9

ITE2
ITE3

Concept_Config_4
labtop

Concept_Config_13
∃∀ OffSuit(Concept_OfficeSuite_5)

Concept_Config_3
macOS

Concept_Config_10
∃∀ devTool(Concept_DevTool_6)

Concept_Config_8
∃∀ mngtSoft(Concept_MngtSoft_1)
∃∀ mngtSoft(Concept_MngtSoft_2)

CEO2

Concept_Config_11
∃∀ OffSuit(Concept_OfficeSuite_1)
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Variability extraction with FCA/RCA

Variability extraction with RCA

An example of Candidate Xor

Concept Config 2 (Secr. and Com. employees), Concept Config 8 (CEOs),
Concept Config 10 (ITEs) partition all user configurations

User configuration = Xor { Secr/Com, CEOs, ITEs }

Concept_Config_5
config

computer
∃∀ OffSuit(Concept_OfficeSuite_6)

∃∀ collabTool(Concept_CollabTool_3)

Concept_Config_2
desktop
windows

∃∀ collabTool(Concept_CollabTool_2)
Com1
Com2

Concept_Config_12
∃∀ OffSuit(Concept_OfficeSuite_4)

Concept_Config_0

Concept_Config_1
linux
ITE1

Concept_Config_7

Secr1
Secr2

Concept_Config_6
∃∀ mngtSoft(Concept_MngtSoft_0)

CEO1

Concept_Config_9

ITE2
ITE3

Concept_Config_4
labtop

Concept_Config_13
∃∀ OffSuit(Concept_OfficeSuite_5)

Concept_Config_3
macOS

Concept_Config_10
∃∀ devTool(Concept_DevTool_6)

Concept_Config_8
∃∀ mngtSoft(Concept_MngtSoft_1)
∃∀ mngtSoft(Concept_MngtSoft_2)

CEO2

Concept_Config_11
∃∀ OffSuit(Concept_OfficeSuite_1)
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FCA/RCA Benefits

Interconnected FMs synthesis

Suggestions for Feature Model Synthesis

Using Concept Config 2 (Secr. and Com. employees), Concept Config 8 (CEOs),
Concept Config 10 (ITEs)

J. Carbonnel et al. Cross-product Family Variability Extraction SPLC 2019 23 / 34



FCA/RCA Benefits

Interconnected FMs synthesis

Suggestions for Feature Model Synthesis

Using relational attributes ∃∀collabTool(Concept CollabTool 2),
∃∀mngtSoft(Concept MngtSoft 2), ∃∀devTool(Concept DevTool 6)
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FCA/RCA Benefits

Interconnected FMs synthesis

Suggestions for Feature Model Synthesis

Using relational attributes

∃∀collabTool(Concept CollabTool 2) internal lattice node → internal FM node,

∃∀mngtSoft(Concept MngtSoft 2) lattice top node → FM root,

∃∀devTool(Concept DevTool 6) lattice top node → FM root
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FCA/RCA Benefits

Recommendation / Exploration

Using the conceptual structures, which embed variability information

Exploring one structure

Jumping from one structure to another

Selecting categories
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FCA/RCA Benefits

Recommendation / Exploration
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FCA/RCA Benefits
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Conclusion
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Conclusion

Conclusion

Variability relationship extraction

In interconnected product families

Assisted by Relational Concept Analysis

Introduction of cross-family features and variability relationships

Exploitation

Assistance to build interconnected variability representations, e.g. FMs

Exploration of a set of interconnected configurations to find or create
complex configurations

J. Carbonnel et al. Cross-product Family Variability Extraction SPLC 2019 32 / 34



Conclusion

Perspectives

Deepen methodological aspects

Assistance in reading/traversing the interconnected conceptual structures

Exploit the variety of scaling quantifiers: ∃, ∃∀, ∃ ⊇, ∃∀≥n%, ∃ ⊇≥n%

Define a complete assistance method for building interconnected FMs
synthesis (and suggest new connexion forms between the FMs)

Exploration of large configuration offerings through local construction of
conceptual structures

Validation

PCMs

Sampling results, e.g. JHipster sampling [Halin et al., 2017]

Listening proposals!
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Conclusion

Thank you!
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Recommendation / Exploration

By navigation in the user configuration lattice (quantifier ∃)

Looking for modelling (CDevT5) and macOs (in CConf3) → CConf11 (ITE2, ITE1)
From CConf11, adding DBAdmin (CDevT4) inherited from CConf10 ↓ CConf7
Or, from CConf11, Relaxing modelling needs (CDevT5, CDevT1) ↑ CConf12

From CConf12 → COffSuite3 → ... (the story continues in office suite lattice)

Concept_Config_5
config

computer
∃ OffSuit(Concept_OfficeSuite_4)
∃ OffSuit(Concept_OfficeSuite_5)
∃ OffSuit(Concept_OfficeSuite_1)
∃ OffSuit(Concept_OfficeSuite_6)

∃ collabTool(Concept_CollabTool_2)
∃ collabTool(Concept_CollabTool_3)

Concept_Config_2
desktop
windows

Secr1
Secr2

Concept_Config_0

Concept_Config_1
linux
ITE1

Concept_Config_8
∃ OffSuit(Concept_OfficeSuite_2)

Com1
Com2

Concept_Config_6
∃ mngtSoft(Concept_MngtSoft_0)

CEO1

Concept_Config_7

ITE3

Concept_Config_4
labtop

∃ collabTool(Concept_CollabTool_1)

Concept_Config_3
macOS

Concept_Config_10
∃ devTool(Concept_DevTool_4)

Concept_Config_11
∃ devTool(Concept_DevTool_5)
∃ devTool(Concept_DevTool_1)

ITE2

Concept_Config_12
∃ OffSuit(Concept_OfficeSuite_3)
∃ devTool(Concept_DevTool_3)
∃ devTool(Concept_DevTool_2)
∃ devTool(Concept_DevTool_6)

Concept_Config_9
∃ mngtSoft(Concept_MngtSoft_1)
∃ mngtSoft(Concept_MngtSoft_2)

CEO2



Recommendation / Exploration

By navigation in the user configuration lattice

From COffSuite3 → a Latex tool can be selected, or a specific scientific formula editor
If we relax formula and high quality typesetting ↑ COffSuite5
From COffSuite5: adding spread sheet editor ↓ COffSuite1 → select MsOff or libreOff

This creates new user configurations, possibly verifying different constraints
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spreadSheet
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text
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vectorGraphics
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layoutDesign
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