Dronning Kampanje 
  
Margherita Marina 
  
Marina × Norwegian 
  
K Pizza

× × × × Kampanje × × × Margherita × × × × Marina × × Norwegian × × × Regina × × × × R producedIn Italy Norway Switzerland basilic × chicken × cream × ham × mozzarella × mushroom × olive × tomato × salmon × swisscheese × Amedeo Flavia Dagrun Lars Uma Italy × × Norway × × × Switzerland Relational Context Family (RCF) A RCF F is a pair (K , R) with: • K is a set of formal contexts K i = (O i , A i , I i ) • R is a set of relational contexts R j = (O k , O l , I j ), • (O k , O l ) are the object sets of formal contexts (K k , K l ) ∈ K 2 • I j ⊆ O k × O l • K k is the source context, K l is the target context. • we may have K k = K l . Pizza RCF K = K People , K Pizza , K Food , K Country R = R eats , R contains , R producedIn , R hasForNational

A simple approach

Concatenate relational contexts to their source formal context 

× × × Flavia × × Dagrun × × × Lars × × Uma × × ×
A simple approach

Discovered concepts

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

• People who eat the norwegian pizza (Lars, Uma) 

× × × Flavia × × Dagrun × × × Lars × × Uma × × ×
A simple approach (limits)

Undiscovered concepts

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

• People who eat pizzas produced with food from Norway (Amedeo, Dagrun, Lars, Uma) 

× × × Flavia × × Dagrun × × × Lars × × Uma × × ×
An iterative approach (RCA) 

RCA -Scaling relations

For each relational context

R j = (O k , O l , I j ), a scaled context R * j = (O k , A, I j ) is created. • A is the concept set of a lattice built on objects of O l , denoted by L n l • I j contains (o, a) iff S(R j (o), Extent(a)
) is true. S is a scaling operator, the most used are:

• S ∃ (R(o), Extent(a)) is true iff ∃x ∈ R(o), x ∈ Extent(a). • S ∀∃ (R(o), Extent(a)) is true iff ∀x ∈ R(o), x ∈ Extent(a) ∧ ∃x ∈ R(o), x ∈ Extent(a)
Scaling operators 

Operator Attribute form Condition Universal (wide) ∀ r : c r (o) ⊆ Ext(c) Includes ⊇ r : c r (o) ⊇ Ext(c) Existential ∃ r : c r (o) ∩ Ext(c) = ∅ Universal strict ∀∃ r : c r ( 

Relational scaling

Some properties of relational scaling:

• The homogeneity of concept descriptions is kept: all attributes are considered as binary (even relational attributes).

• Standard algorithms for building concept lattices can be directly reused. Step p concatenate K i with the relational contexts with source K i 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 L p [i] for the context K i concatenated as explained previously

Output (fix point)

A concept lattice family is obtained when no new concepts are added

The RCA algorithm 1: proc Multi-Fca( In: (K, R) a RCF, 2: Out: L array [1..n] of lattices) 3: p ← 0 ; halt ← false 4: for i from 1 to n do 5:

L 0 [i] ← Build-Lattice(K 0 i ) 6: while not halt do for i from 1 to n do 9:

K p i ← Extend-Rel(K p-1 i , L p-1 ) 10: L p [i] ← Update-Lattice(K p i ,L p-1 [i]) 11: halt ← i=1,n Isomorphic(L p [i], L p-1 [i])
A general analysis plan

Relation

Step 1

Step

2 Step 3 . . . eats ∀ r : c ∃ r : c ∃ r : c ∃ r : c contains ≥ n r : c ∀ r : c ∃ r : c ∃ r : c producedIn ≥ n r : c ∀ r : c ∃ r : c ∃ r : c hasForNational ∃ r : c ∀ r : c ∃ r : c ∃ r : c . . . . . . . . . . . .
To discover for example:

• People that eat at least a pizza containing only food produced in Norway

• 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)

• the number of objects (lines) in extended contexts doesn't change, this limits the concepts number of every lattice L i to be 2 |O i |

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

  Learned concepts are used in a next step to learn more RCA -Step 0 -Initial Lattices Scaling relations Integrating concepts in the relational contexts Amedeo eats Margherita ; Margherita ∈ extent(Concept_11) → ∃p ∈Concept_11, s.t. Amedeo eats p → (Amedeo, eats:Concept_11) → (Amedeo, Concept_11) belongs to the existentially scaled relation eat * , (Amedeo,∃ eat :Concept_11) stands

  o) ⊆ Ext(c) and r (o) = ∅ Qualified cardinality restriction ≥ n r : c r (o) ⊆ Ext(c) and |r (o)| ≥ n Cardinality restriction ≥ n r : L |r (o)| ≥ n

  K , R) : n formal contexts, several relational contextsInitialization stepbuild, for i in 1..n, L 0 [i] the concept lattice of the context K i

  E.g. K People + R eats

	Amedeo	Flavia	Dagrun	Lars	Uma	eats:Dronning	eats:Kampanje	eats:Margherita	eats:Marinara	eats:Norwegian	eats:Regina
	Amedeo										

• an iterative method to produce abstractions

• variations on scaling

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

Tools

• Galicia: http://galicia.sourceforge.net/