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Relational Concept Analysis (RCA)

e Extend the purpose of FCA for taking into account relations
between objects
e The RCA process relies on the following main points:

e a relational model based on the entity-relationship model

e a conceptual scaling process allowing to represent relations
between objects as relational attributes

e an iterative process for designing a concept lattice where
concept intents include non-relational and relational attributes.

e The RCA process provides relational structures that can be
represented as ontology concepts within a knowledge
representation formalism such as description logics (DLs).



Relational Concept Analysis (RCA)

A relational model based on the entity-relationship model
Pizza story
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Relational Concept Analysis (RCA)

Pizza story

Pizza data

e four object/attribute contexts

® Kpeople C People x people names

o Kpjza C Pizza X pizza names

e Krood C Food item x food names

o Kcountry C Country X country names
e four object/object contexts

e eats C People x Pizza

e contains C Pizzas x Food item

e producedIn C Food item x Country

e hasForNational C Country x People
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Reats
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Relational Context Family (RCF)

A RCF F is a pair (K, R) with:
e K is a set of formal contexts K; = (O, Aj, I;)

e R is a set of relational contexts R; = (O, Oy, I}),

e (O, O)) are the object sets of formal contexts (Kx, K;) € K>
e [; COxx O

o Ky is the source context, K; is the target context.

e we may have K = K.

Pizza RCF

K = KPeoplea Kpizza, KFood: KCountry
R = Reats» Rcontainsa Rproducedln, RhasForNationa/



A simple approach

Concatenate relational contexts to their source formal context

E-g- KPeople + Reats
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A simple approach

Discovered concepts

e People who eat the marinara pizza (Flavia, Dagrun)

e People who eat the norwegian pizza (Lars, Uma)
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A simple approach (limits)

Undiscovered concepts

e People who eat the red-sauce pizzas (Amedeo, Flavia, Dagrun)

e People who eat pizzas produced with food from Norway
(Amedeo, Dagrun, Lars, Uma)
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An iterative approach (RCA)

Learned concepts are used in a next step to learn more
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RCA - Step 0 - Initial Lattices
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Scaling relations

Integrating concepts in the relational contexts
Margherita € extent(Concept 11)

Amedeo eats Margherita
— Jp €Concept_ 11, s.t. Amedeo eats p

— (Amedeo, eats:Concept 11)

— (Amedeo, Concept 11) belongs to the existentially scaled
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RCA - Scaling relations

For each relational context R; = (O, O}, /;), a scaled context
R: = (Ok, A, ;) is created.
e Ais the concept set of a lattice built on objects of O, denoted
by L7
e [; contains (o, a) iff S(Rj(0), Extent(a)) is true.
S is a scaling operator, the most used are:
e S53(R(0), Extent(a)) is true iff 3x € R(0), x € Extent(a).

e Sv3(R(0), Extent(a)) is true iff
Vx € R(0),x € Extent(a) A 3x € R(0),x € Extent(a)



Scaling operators

Operator Attribute form Condition
Universal (wide) Vr:c r(o) C Ext(c)
Includes D r:c r(o) DO Ext(c)
Existential Jr:c r(o) N Ext(c) # 0
Universal strict Vir:c r(o) C Ext(c) and r(o) # 0
Qualified cardinality restriction > nr:c r(o) C Ext(c) and [r(o)[ > n

Cardinality restriction

> nr:Tp

[r(e)[ > n




Relational scaling

Some properties of relational scaling:
e The homogeneity of concept descriptions is kept: all attributes
are considered as binary (even relational attributes).
e Standard algorithms for building concept lattices can be
directly reused.



Existential scaling of contains - step 1

contains : | contains : | contains : | contains : | contains : | contains : | contains : | contains : | contains : | contains : | contains :
Coneept_15 | Concept_16 | Concept_18 | Concept_19 | Concept_20 | Concept_21 | Concept_22 | Concept_23 | Concept_24 | Concept_25 | Concept_26
Dronning X X X X X
Kampanje X X X X
Margherita x x x x x
Marina X X X
Norwegian X X X x
Regina X X X X X




Existential scaling of producedIn - step 1

producedIn : producedIn : producedIn : producedIn :
Concept_27 Concept_28 Concept_30 Concept_31
basilic X X
chicken X X
cream X X
ham X X
mozzarella X X
mushroom X X
olive X X
tomato X X
salmon X X
swisscheese X X




Existential scaling of hasForNational - step 1
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RCA - Lattices at step 1
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RCA - Lattices at step 2
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RCA - Lattices at step 3

[~—concept7__]

forcins : Concept 16
{oRtains - Concept 48

A}

Concept a7 Concept 39
fontans : Concest_4} oins - Concepl 2

Concept 36
ontains : Concest 2|

ontains : Concept 2} dontains : Concept 23

ntains : Conceat

[Concemito | [Comcentts | feomessus] [eomcepiad] [_Conesnii |
Kempare Norwegion Vargherta
ontsing | Conept 16 dontain Conidpe 2 rtabns Conceot 1

e Norwegion

[bronning| [ regins |
[oronning] [Tregina | T faggheria
~— \/

/
_concents

Concept.23
asortational - Concept
lsrorational - Concept 3
srorNational - Concept
fasrorational - Concept
esForhational - Concept-ah

Concept 30
Concept 28 ey

oy jasFortiations| - Concept
psFortiational: Concept 1 AasForiiational | Concepe
BSFomations| : Concept s fasforationa - Concap.
WEsForistons:  Concapt

ey

i

Country




Q>



An excerpt of the iteration
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The RCA schema

Input
RCF = (K, R) : n formal contexts, several relational contexts

Initialization step
build, for i in 1..n, LO[/] the concept lattice of the context K;

Step p

> concatenate KC; with the relational contexts with source IC; scaled
using the lattices of step p — 1 and a given operator

> update lattices of step p — 1 to build, for i in 1..n, the lattice
LP[i] for the context C; concatenated as explained previously

Output (fix point)
A concept lattice family is obtained when no new concepts are
added
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The RCA algorithm

proc MurTi-Fca( In: (K,R) a RCF,
Out: L array [l..n] of lattices)
p < 0 ; halt < false
for i from 1 to n do
L°[/] + BuiLp-LaTTicE(K?)
while not halt do
p++
for i from 1 to n do
KP « Extenp-REL(KP™', LP~1)
LP[i] + UppATE-LATTICE(K?,LP71[i])
halt + A IsomorpHIC(LP[/], LP~1[i])

i=1,n



A general analysis plan

Relation Step 1 Step 2 | Step 3
eats Vr:c dr:c |dr:c |dr:c
contains > nr:c|Vr:c |3Jr:c |Tr:c
producedin >nr:c|Vr:c |Jdr:c |Tr:c
hasForNational | 3 r: ¢ Vr:c |dr:c |dr:c

To discover for example:
e People that eat at least a pizza containing only food produced
in Norway

e Countries where at least one national eats at least one pizza
that contains at least one food produced in Italy

Note: at one step, several scaling operators can be applied to the
same relational context (giving several scaled contexts based on a
same relational context)



RCA - Arguments for convergence
(finite object / attribute sets)

e the number of objects (lines) in extended contexts doesn't
change, this limits the concepts number of every lattice £; to
be 210il

e the number of columns cannot increase indefinitely since new
attributes are r : ¢, where r is a relation, for example with
target(r) = O; and c is the concept of a lattice £; built on O;



A synthesis on RCA

e an iterative method to produce abstractions
e variations on scaling

e object-attribute concept posets can be built instead of lattices
to limit the complexity
Tools

e Galicia: http://galicia.sourceforge.net/
e eRCA: http://code.google.com/p/erca/



Applications

UML class diagram refactoring

* Michel Dao, Marianne Huchard, Mohamed Rouane Hacene, Cyril Roume, Petko Valtchev:
Improving Generalization Level in UML Models Iterative Cross Generalization in Practice. ICCS
2004: 346-360

* Gabriela Arévalo, Jean-Rémy Falleri, Marianne Huchard, Clémentine Nebut: Building
Abstractions in Class Models: Formal Concept Analysis in a Model-Driven Approach. MoDELS
2006: 513-527

UML Use case diagram refactoring
* Xavier Dolques, Marianne Huchard, Clémentine Nebut, and Philippe Reitz. Fixing
generalization defects in UML use case diagrams. CLA 2010: 247-258

Blob design defect correction
* Naouel Moha, Amine Rouane Hacene, Petko Valtchev, Yann-Gaél Guéhéneuc: Refactorings of
Design Defects Using Relational Concept Analysis. ICFCA 2008: 289-304

Extracting architectures in object-oriented software
* Alae-Eddine El Hamdouni, Abdelhak Seriai, Marianne Huchard Component-based Architecture
Recovery from Object-Oriented Systems via Relational Concept Analysis. CLA 2010: 259-270



Applications

Learning model Transformation patterns in MDE

* Xavier Dolques, Marianne Huchard, and Clémentine Nebut. From transformation traces to
transformation rules: Assisting model driven engineering approach with formal concept analysis.
In Supplementary Proc. of ICCS 2009:15-29.

Classification of web services

* Zeina Azmeh, Maha Driss, Fady Hamoui, Marianne Huchard, Naouel Moha, Chouki
Tibermacine, Selection of Composable Web Services Driven by User Requirements. To appear in
the Application and Experience Track of ICWS 2011

Ontology construction

* Rokia Bendaoud, Mohamed Rouane Hacene, Yannick Toussaint, Bertrand Delecroix, and
Amedeo Napoli, Text-based ontology construction using relational concept analysis. MCETECH
2008

Ontology pattern extraction
* Mohamed Rouane-Hacéne, Marianne Huchard, Amedeo Napoli, Petko Valtchev. Using Formal
Concept Analysis for discovering knowledge patterns. CLA 2010: 223-234

Ontology restructuring
* Mohamed Rouane-Hacene, Roger Nkambou and Petko Valtchev. Supporting ontology design
through large-scale FCA-based ontology restructuring, to appearin Proc. of the ICCS 2011.
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