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Abstract

The main goal of the paper is the study of the L-fuzzy Concept Analysis when
the L-fuzzy context (L, X,Y, R, Q)) uses two L-fuzzy relations to represent the
relationship between the objects X and the attributes Y. This generalization
will be called L-fuzzy bicontext. This situation is very usual in different
disciplines of social sciences.

We study the L-fuzzy concepts of these L-fuzzy bicontexts and we obtain
some interesting results. Specifically, we will be able to classify the biconcepts
of the L-fuzzy bicontext.

Finally, a practical case is developed using this new tool.

Keywords: Formal concept analysis, L-fuzzy concept analysis, knowledge
acquisition

1. Introduction

This paper presents a generalization of the L-fuzzy Concept Analysis
when the L-fuzzy context (L, X,Y, R, Q) uses two relations R € LX*Y and
Q € LY*X to set up the relation between the set of objects X and the set of
attributes Y.

This situation is very common in social sciences, to analyze the human
behavior, or in philosophy. Also in economy, to make studies of preference
relations (when X =Y).
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We will see that the process of obtaining the L-fuzzy concepts is more
complex in this situation than in the usual L-fuzzy concept analysis but
we will use the results of P. and R. Cousot to present new algorithms of
calculation.

We also propose a new method that allows to classify the L-fuzzy concepts
of this new L-fuzzy context and to establish similarity relations between the
objects and the attributes.

The idea of defining an L-fuzzy context from other two given contexts
has previously been treated in other papers such as [14], where the authors
defined the L-bonds and the direct product of two L-fuzzy contexts, or in
[1] where the composition of L-fuzzy contexts was analyzed. However, the
problem presented in this work is noticeably different because the relation-
ship between two elements will depend on the point of view of the considered
element.

We will complete the section with the main results about this subject.

1.1. The Formal Concept Analysis

R. Wille in his Formal Concept Analysis [21] proposes a new theory based
on the three basic ideas of the conceptual knowledge: the objects, the at-
tributes and the concepts. These ideas are joined through three basic rela-
tions: one object has an attribute, one object belongs to a concept and one
concept is a subconcept of another one. With this analysis a new model to
represent the concepts and to set up hierarchies among them is defined.

The Formal Concept Analysis of R. Wille [21, 12] extracts information
from a binary table that represents a formal context (X, Y, R) where X and
Y are two finite sets of objects and attributes respectively and R C X x Y is
a binary relation defined between them. The hidden information is obtained
by means of the formal concepts which are pairs (A4, B) with A C X, BCY
verifying A* = B and B* = A, where x is the derivation operator that
associates the attributes related to the elements of A to every object set A,
and the objects related to the attributes of B to every attribute set B. These
formal concepts can be interpreted as a group of objects A that shares the
attributes of B.



1.2. L-fuzzy concept analysis

In previous papers [7, 9] we have defined the L-fuzzy contexts (L, X,Y, R),
with L a complete lattice, X and Y sets of objects and attributes respectively
and R € LY an L-fuzzy relation between the objects and the attributes.
This is an extension of the Wille’s formal contexts to the fuzzy case when the
relationship between the objects and the attributes takes values in a complete
lattice L, instead of being binary values.

In our case, the new L-fuzzy concepts (A, B) € L* x LY are pairs obtained
as follows:

First, we defined the derivation operators (-); and (-)o given by means of
the following expressions, to work with these L-fuzzy contexts:

For any A € LX and B € LY,

Al (y) = inf {I(A(aj)? R(.T, y))}

reX
Bu(z) = inf{I(B(y), R(z.))}

yey
with [ a fuzzy implication operator defined in the lattice (L, <) and where
Aj represents the attributes related to the objects of A in a fuzzy way, and
B; represents the objects related to all the attributes of B.

The defined L-fuzzy subsets A; and By are said to be the fuzzy extension

and the fuzzy intension respectively, and can be expressed by means of the
triangle operator < [13] associated with the implication operator I as:

A1:A<]R, BQZBQROP,

where R? € LY>*X is the opposite relation of R.

The information stored in the context is visualized by means of the L-
fuzzy concepts that are pairs (A4, A;) € LY x LY where A is a fixed point of
the operator ¢, which is defined from the derivation operators (-); and (-)o
as ¢(A) = (A1), = Aj. These pairs, whose first and second components are
said to be the fuzzy extension and intension respectively, represent a set of
objects that share a set of attributes in a fuzzy way.

The set £ = {(A4, A1)/A € fix(¢)}, where fix(p) represents the set of fixed
points of the operator ¢, with the order relation < defined as:

(A,A1> S (C, Cl) if A S C(OI‘Al Z Cl)

is a complete lattice that is said to be the L-fuzzy concept lattice [7, 9].
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On the other hand, considering A € LX, (or B € LY) we can obtain the
associated L-fuzzy concept. In the case of using a residuated implication,
the associated L-fuzzy concept is (Aja, A1) (or (Bg, Ba1)).

Other important papers that generalize the Formal Concepts Analysis
using residuated implication operators are due to R. Belohlavek [3, 4, 5] and
S. Pollandt [18]. Moreover, extensions of the Formal Concept Analysis to
the interval-valued case are in [2, 11] and to the fuzzy property-oriented and
multi-adjoint concept lattices framework in [16, 15, 17].

The rest of the paper is organized as follows: Section 2 tackles a general
study of the L-fuzzy bicontexts and the definition of the L-fuzzy biconcept.
Section 3 studies the construction of the L-fuzzy biconcept lattice. In Section
4 the problem of the classification of the L-fuzzy biconcepts is analyzed. Fi-
nally, the conclusions and future work are detailed in Section 5. Furthermore,
interesting examples can be found throughout the paper.

2. L-fuzzy Bicontexts

Let (L, <) be a complete lattice with cardinality |L| > 2. Consider X
and Y two non empty sets.

Definition 1. The tuple (L, X,Y, R, Q) with R € L**Y and Q € LY*X is
said to be an L-fuzzy bicontext where X and Y are the object and attribute

sets respectively, and R and () represent the relationship between the elements
of X andY.

Let us see an example to introduce these new contexts:

Example 1. Consider the L-fuzzy bicontext (L, X, Y, R, Q) where X and Y’
are two groups of people. The lattice is L = {0,0.5,1}, and the relations
R e LY and Q € LY*X represent the opinion of the people of X about YV
and the people of Y about X respectively (see Table 1). The value 1 means
“like” and the value 0 means “don’t like” or “dislike”.

In order to study the L-fuzzy concepts of these new L-fuzzy bicontexts,
we will define the derivation operator associated with an L-fuzzy relation as
follows:



Table 1: Opinion of the people of each of the groups about the other one

Rl vyi v ys Ys Y5 Q $11 %2 Ox % :Lfl
] 1 0 05 05 0 9 :

w| 0 1 0 0
wl 0 1 1 0 0 01 1 o
25105 0 0 1 1 Ys
w1 0 0 05 1 yao 1005 1
4 ' ys1 0 0 0 1

Definition 2. Let X; and X5 be two finite sets and let us consider S €
LXX2 gn [-fuzzy relation between them. The derivation operator associated
with the relation S,(+)s , is defined as:

For every A € L** and z € Xy, Ag(z) = tirg {I(A(t),S(t,2))}
€X1
where I : L X L — L 1s an L-fuzzy implication operator.

The L-fuzzy set Ag represents, in a fuzzy way, the set of elements of X,
related by S to all the elements of A.

Hence, in the L-fuzzy bicontext (L, X,Y,R,(Q), we can consider two
derivation operators which expressions are:
For any A € LX and B € LY,

Agr(y) = inf {I(A(z), R(x,y))}

zeX

Bo(r) = inf{I(B(y),Q(y,))}

yey

with [ : L x L — L an L-fuzzy implication operator.
Apg represents the set of attributes related to all the objects of A in R, in
a fuzzy way, and Bg, the objects related to all the attributes of B in Q.

Remark 1.

a) If @ = R then the L-fuzzy bicontext (L, X,Y, R, Q) and the L-fuzzy
context (L, X,Y,R) are coincident. In this case, the derivation op-
erators defined on the L-fuzzy context are such that (-); = (-)g and

()2 = () ror-



b) If R is a symmetrical relation and ) = R, then the L-fuzzy bicontext
(L, X,Y,R,Q) and the L-fuzzy context (L, X,Y, R) are coincident.

. From this point forward, in order to simplify the notation, we are going
to denote the iterative application of derivation operators ((+)s)r.. by (*)sr...-
These derivation operators verify the following properties.
Proposition 1.

a) The derivation operators (-)r and (-)g are decreasing:
For every A,C € L and B,D € LY,

A< (C = Ar>Cp
B<D IZ?—ng zjl)Q
b) Consider A € L*. In general, A & Arg and Apgr # Ar.
In the same way, if B € LY, in general, B ¢ Bor and Bgro # Bg.
c¢) For any family of L-fuzzy subsets {A; € L~ | j € J} it is verified that
(\/Aj) < /\(Aj>R
jes ) g jeJ
Analogously, for any {B, € LY | k € K},

(v) < \Bo,

keK keK
d) If the implication I verifies that for any M C L and 8 € L,

I(\/ a.8)= N (e, )

aeM aeM

then,

(\/Aj)R = A,

JjeJ jeJ
(Va) - A,
keK Q keK



PRrOOF.

a) It is obvious taking into account that the implication operator is de-

b)

creasing in the first argument.

We can go back to Example 1 and take the following counterexample:

Let A = {x1/1,22/0,23/0,24/0} be an L-fuzzy subset of X. Then,
using the Lukasiewicz implication operator I for the definition of the
derivation operator,

Ap ={y1/1,92/0,y3/0.5,y4/0.5,y5/0}
ARQ = {$1/05,LL’2/0,I‘3/05,$4/05}

ARQR = {y1/1> y2/0-5> y3/0.5, 94/1, 95/0'5}

Hence, A ﬁ ARQ and ARQR 75 AR.

We can also find a counterexample taking as a starting point B =
{91/0,42/0,3/1,94/0,y5/0} € L.

For every jy € J, it is verified that A;) > A A;.
jeJ
Applying the derivation operator: (A4;)r < (A A;)r, then (A 4;)r
jeJ jeJ
is an upper bound of the set {(A;)r,j € J}. As the supremum is the
least upper bound, then \/ (4;)r < (A 4;)r.

jeJ jeJ
The other inequality is proved in the same way.
For any y € Y, (‘\E/JAj)R(y) = lrlf{f(\/JA (z), R(z,y))}
Applying the hy]gj)othesis "
;g§{l<,\4&( x), R(z,y))} = lnf{/\J( (4;(2), R(z,y)))}
and, as] L is a complete lattice, "
gg;f({j/e\J(I (A;(x), R(z,y)))} —J/G\J{;nf (I (Aj(z), R(z,y)))} _j/e\J(Aj>R

The proof for By, € LY is similar to this one.



Corollary 1. The maps ¢ : L — LX and v : LY — LY defined for any
Ae LX and B € LY as:

w(A) = Arq

¥(B) = Bqr

are increasing.
Therefore, by the Theorem of Tarski [19], the fized point sets:

fix(i0) = {A € L¥ /io(A) = A}
fix(v) = {B € LY /(B) = B}

endowed with the usual orders in L and LY are complete lattices, which will
be denoted by Q0 = (fix(v), <, 0q, 1o, Va, Aq) and X = (fix(¢)), >, 05, 15, Vs, Ax).

Definition 3. The operators ¢ and i defined above are called constructor
operators.

Remark 2. In general, by Proposition 1.b), the constructor operators ¢ and
1 are not closure operators.

Using the derivation operator, we introduce the following definition.

Definition 4. The pair (A, B) € L* x LY such that Ar = B and Bg = A
is said to be an L-fuzzy biconcept of the L-fuzzy bicontext (L, X,Y, R, Q).

Example 2. In Example 1 the pair:

({x1/0.5,22/0,23/0.5,24/1},{y1/1,42/0,y3/0,94/0.5,y5/0.5})

is an L-fuzzy biconcept.

In this case, we can interpret the meaning of this concept saying that x4
and y; like each other. And with a lower exigence level, we can also say that
everybody in {1, x3, x4} likes y1,y4 and ys, and vice versa.

The next property establishes the relationship between these L-fuzzy bi-
concepts and the fixed point sets of ¢ and ).

Proposition 2. The following statements are equivalent:

a) The pair (A,B) € LX x LY is an L-fuzzy biconcept of the L-fuzzy
bicontext (L, X,Y, R, Q).



b) o(A) = A and B = Ap.
¢) Y(B) =B and A = By.

Proor. It is an immediate consequence of the definition of L-fuzzy bicon-
cept.

O

Remark 3. In L-fuzzy Concept Analysis, when the used implication opera-
tor [ is residuated, the obtained constructor operators are closure operators.
However, this property is not fulfilled in the case of working with L-fuzzy
biconcepts. As a consequence, the process of obtaining the fixed point sets
starting from L-fuzzy sets A needs the application of derivation operators a
non fixed number of times.

In general, it is not determined how many times is needed to derive in
order to find the fixed point. For instance, in the next example we can see
that the use of operators (-)rg is needed five times to find this fixed point.

Example 3. Consider the L-fuzzy bicontext (L, X,Y, R, Q) where the lat-
tice L = {0,0.1,0.2,...,1}, and the relations R € LY Q € LY*¥X are
represented in Table 2.

Table 2: Relations of the L-fuzzy bicontex of Example 3

R ‘ Y1 Y2 Y3 Q ‘ T Ty T3
1103 09 0.2 y1 108 03 0.9
o | 1 05 0.2 y2 [ 0.2 0 1
r3 104 08 1 y3 108 0 0.3

Let A = {21/0.8,25/1,23/0.5} be an L-fuzzy subset of X. Then, using
the Lukasiewicz implication operator I for the definition of the derivation
operator,

Apg = {21/0.7,25/0.5,25/1}

Arqrq = {#1/0.4,22/0.2, z3/0.8}
Argrorg = {21/0.2,25/0,25/0.5}
Arorororg = {1/0.2,29/0,25/0.3}
Arqrorororg = {21/0.2,22/0,13/0.3}



Therefore, ArororororRQ = ARQRQRORG-

3. The L-fuzzy biconcept lattice

We will begin this section with the analysis of the existing hierarchy
among the L-fuzzy biconcepts of the L-fuzzy bicontext.

Theorem 1. Let L(L, XY, R, Q) be the L-fuzzy biconcept set endowed with
the order relation =< defined as:

(A,B) 2 (C,D) <= A< C (orB > D)
Then, (L(L,X,Y, R,Q), <) is a complete lattice.
PrOOF. Consider F = {(A4;,(A4)),) | A4; € fix(¢),j € J} C L(L, XY, R, Q)

a family of L-fuzzy biconcepts. Let us prove that the supremum of F exists.
As 1 = (fix(p), <) is a complete lattice, then \/ A; € fix(¢) and hence,

jeJ
for any j € J7 (Aja (AJ)R> j ( \/JQ Aj7 ( \/JQ Aj)R>‘
je je
Moreover ( \/q, Aj,( Vg Aj)r) is the least upper bound:
jeJ jeJ

If (M, Mpg) is another upper bound then, for any j € J, M > A,. So,
M > \/o A; and therefore, (\V 4, (Vg 4j)r) = (M, Mpg).
jed jed jed
Analogously, it can be proved that the L-fuzzy biconcept ( Ao 4, ( Aq 45)r)
e e
is the infimum of F. ’ ’

This theorem can be proved in a similar way using the fixed points of the
operator 1. Thus, if the family F is represented as F = {((B,)q, B;) | B, €
fix(¢), j € J}, the obtained expressions for the supremum and the infimum
elements of F are:

cF = ((AsBja, As Bj)
cF =(VsBja, Vs Bj)

O

Definition 5. The lattice (L(L, X,Y, R, Q), =X) is said to be the L-fuzzy bi-
concept lattice of the L-fuzzy bicontext (L, X,Y, R, Q).
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Proposition 3. The minimum and mazximum elements of the lattice of L-
fuzzy biconcepts (L(L, X, Y, R,Q), =) are 0z = (0q, 1x) and 1, = (1qg,0x).

PROOF. Consider A € fix(p). Then 0g < A < 1g. Applying the derivation
operator, (0g)r > Ar > (1g)&-

As fix(v) = {Ar/A € fix(p)}, we can conclude that (0g)r = 1y and
(19)3 = Ox.

Then, the minimum element in £ has the expression 0, = (Oq, (0g)r) =
(OQ, 12) and the maximum 15 = (19, (19)3) = (]_Q,OZ)

O

Example 4. Returning to Example 1, the obtained L-fuzzy biconcept lattice
is formed by the following L-fuzzy biconcepts:

(A1, Br) = ({21/0,22/0,23/0,24/0}, {y1/1,y2/1,y3/1,ya/1, y5/1})

(Ag, B2) = ({£1/0,22/0.5,23/0,24/0}, {y1/0.5,9y2/1,y3/1,y4/0.5,y5/0.5})

(As, Bs) = ({21/0,22/0,25/0,24/0.5}, {y1/1,42/0.5,y3/0.5,y4/1,y5/1})

(Ay, By) = ({21/0.5,25/0,23/0.5,24/0.5}, {y1/1,92/0.5,y3/0.5,y4/1,y5/0.5})
(As, Bs) = ({21/0,22/1,23/0,24/0},{y1/0,y2/1,y3/1,44/0,y5/0})

(Ag, Bs) = ({£1/0.5,22/0.5,23/0.5,24/0.5}, {y1/0.5,42/0.5,y3/0.5,44/0.5,y5/0.5})
(A7, Br) = ({21/0,22/0,23/0,24/1},{y1/1,92/0,y3/0,44/0.5,y5/1})

(As, Bs) = ({21/0.5,29/0,23/0.5,24/1}, {y1/1,92/0,93/0,4/0.5,y5/0.5})

(Ag, By) = ({£1/0.5,29/1,23/0.5,24/0.5}, {y1/0,92/0.5,y3/0.5,44/0, y5/0})
(A0, Bio) = ({21/0.5,22/0.5,23/0.5, 24/1}, {11 /0.5,92/0,y3/0,y4/0.5,y5/0.5})
(A11, B11) = ({#1/1,22/0,25/0.5, 24 /1},{y1/1,y2/0,y3/0,44/0.5,y5/0})

(A2, B12) = ({x1/1,22/0.5, 23/1, 24 /1},{11/0.5,42/0,43/0, y4/0.5,y5/0})
(Ais, Bis) = ({z1/1,22/1, w3/1,24/1}, {91 /0,92/0,y3/0,44/0,y5/0})

This lattice can be graphically represented by Figure 1.

The supremum and the infimum of the lattice (£(L, X,Y, R, @), <) can
also be expressed by means of the supremum and infimum in the lattices €2
and X' as follows:

Theorem 2. Let I be an implication operator verifying I( \/ o, ) = N\ I(a, ),
aeM aeM
forany M C L and 8 € L.
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Figure 1: L-fuzzy biconcept lattice of Example 4.

Consider F = {<Aj7(Aj)R)7Aj S ﬁX((p),j € J} = {((Bj)Qij))ij =
fix(v),5 € J} C L.

The supremum and the infimum of F are:

V(45 (A5)r) = (Vg Ajs As(45)r)
A:((Bj)q: Bj) = (Aa(Bj)e: Vs Bj)

Proor. Immediate taking into account Theorem 1 and Proposition 1.

O

In order to obtain the L-fuzzy biconcepts of the lattice L(L, X, Y, R, Q),
that is, the fixed points of the constructor operators ¢ and v, we will ap-
peal to the work developed by P. Cousot and R. Cousot [10] that provides a
constructive version of Tarski’s theorem which is able to calculate them by
means of limits of stationary transfinite iteration sequences.
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P. Cousot and R. Cousot [10] define a transfinite iteration sequence as
the one obtained by the iterative application of a monotone operator F' to a
starting element D:

(D,F(D), F*(D),F*(D),...)

If F'is an increasing operator, the iterative sequence is said to be an upper
iteration sequence, and it is a lower iteration sequence when the operator is
decreasing.

The sequence (X7, Xo,...) is stationary if and only if 3k such that for
any ¢ > k, X; = Xj. In this case the limit of the sequence is Xj.

We denote by luis(F)(D) the limit of a stationary upper iteration se-
quence for F' starting with D (dually llis(F)(D) the limit of a lower iteration
sequence).

With these definitions P. Cousot and R. Cousot [10] prove some results
among which we find the constructive version of Tarki’s lattice theoretical
fixed point theorem:

Theorem 3. The set of fixed points of F' is a nonempty complete lattice
with ordering C, infimum luis(F)(0), supremum llis(F')(1), least upper bound
luis(F)(US;) and greatest lower bound llis(F)(US;).

Applying this theorem to our case, we have:

0q = luis(¢)(0) 05 = luis(¥)(0)
1o = llis(¢)(1) 1y = is(e)(1)

Where by “0” we are representing the L-fuzzy subset in which all the
elements have membership value 0 (that is, the subset (}). The symbol “1”
represents the L-fuzzy subset with all the membership values equal to 1 (the
set X or , respectively, Y).

In addition, for any subset of fixed points {A;,j € J} C fix(p) and
{Bjaj S J} - ﬁX(’l?D),

Vd; = luis(¢) (V 4;) VgBj = luis(¢) (V B;)
NoA; = llis(e) (A 4;) NAsBj = lis()) (A Bj)

where in general, luis(f)(A) with f a function that preserves the order, is
the limit of a stationary upper iteration sequence for f starting from A :

luis( f)(A) = limsup(4, £(A), f2(A), F(A)...)
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and llis(f)(A), the limit of a stationary lower iteration sequence for f starting
from A :

is(f)(A) = liminf(A, f(A), F2(A), f3(A)...)

Example 5. In the lattice of the example, consider the elements of fix(¢p)
A ={21/0.5,29/1,23/0.5,24/0.5} and C' = {x1/1,22/0.5, x3/1, 24/1}.
In this case, the supremum in the lattice LX x LY is

AV C ={x1/0.5,29/1,23/0.5,24/1} & fix(y)

However, by the previous theorem, in the lattice of the fixed points the
supremum is

AV oC = luis(p)(AV C) = {x1/1,22/1,23/1,24/1}

Other important result to obtain the L-fuzzy concepts starting from A €
L* or B € LY is the following [10]:

Theorem 4. For every A € L*, the L-Fuzzy sets luis(y) o llis(fo)(A) and

is(p)oluis(f1)(A) are fized points of ¢ verifying luis(p)ollis(f2)(A) < llis(p)o
luis(f1)(A), where

fi(A) = AV p(A) and fo(A) = AN p(A)

Moreover, these fixed points are greater than or equal to any fixed point
of p less than or equal to A, and less than or equal to any fired point of ¢
greater than or equal to A.

These fized points are respectively denoted by A" and AV.

A similar result can be obtained starting from B € LY and using the
operator ).

Example 6. If we come back to Example 1 and take as a starting set A =
{1/0,22/0,23/0,24/1}, then by the Cousot and Cousot operators we obtain,
using the Lukasiewicz implication operator, an only fixed point A" = AY =
{1/0,22/0,23/0,24/1} and so, an only L-fuzzy biconcept:

({21/0,22/0,23/0, 24/1}, {y1/1,42/0,y3/0,y4/0.5,y5/1})
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However, if we take A = {x1/1,25/0,25/0,2,/0}, then the obtained fixed
points are A" = {x1/0,22/0,23/0,2,/0} and AY = {x,/0.5,22/0,23/0.5,24/0.5},
and the L-fuzzy biconcepts:

({x1/07 x2/07 ZE3/07 3?4/0}7 {y1/17 y2/17 y3/17 y4/17 y5/1})

({1'1/05, {L'Q/O, 1'3/0.5, 1'4/05}, {yl/l, y2/0.5, y3/0.5, y4/1, y5/05})

This last L-fuzzy biconcept is the one obtained taking the set A and
applying successively the derivation operators.

Remark 4. We can also extend these results to pairs of relations (R, Q) €
LW*X 5 LW>XY in the labeled L-fuzzy bicontext (L, W, X, Y, R, Q) [8]. In this
case, the set of labels W is used to represent some important aspects of the
study and is related to the object and attribute sets.

At this point, it can be interesting the study of the relationship be-
tween the L-fuzzy biconcepts of (L, X,Y, R,Q) and the L-fuzzy concepts
of (L, X,Y,R) and (L,Y, X, Q). Let us start establishing the following nota-
tion:

Notation. Given the L-fuzzy contexts (L, X,Y, R) and (L,Y, X, Q), we will
denote:

ro={(A,B)e L* x L' | (A,B) € L(L,X,Y,R) and (B, A) € L(L,Y,X,Q)}
po=1{(A,B)e L* x LY | (A,B) € L(L,X,Y,R) or (B,A) € L(L,Y, X,Q)}
Theorem 5. [t is verified that:
a) Lo € L(L, XY, R, Q).
b) L(L,X,Y,R,Q) is not necessarily a subset of Lp,.
PROOF.
a) If (A, B) € Ly, then B = Ar, A = Brov and A = By, B = Agor.
So, by B = Ar and A = By, we can say that (A, B) € L(L, X,Y, R, Q).

b) If we return to the lattice of Example 1, we see that

({xl/()? xZ/O: $3/0, 3:4/1}7 {Z/l/l, y2/07 y3/07 y4/0'57 y5/1}) € ‘C(La X> Y7 Ra Q)
However we can prove that it does not belong to L(L, X, Y, R) neither

to £(L,Y, X, Q).
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Moreover, we can set up a relation between the L-fuzzy concepts using
R and () and using the opposite R? and Q°. It is obvious that if R and @)
are symmetrical relations, then for every pair (A, B) € LX x LY,

(A,B) e L(L,X,Y,R,Q) < (B, A) € L(L,Y, X, R, Q)
In general, the following proposition is verified.
Proposition 4.
a) If (A, B) € Lxo € L(L, X,Y, R, Q) then (B, A) € LRopgor © L(L,Y, X, R?, Q7).
b) There ezists (C, D) € L(L, X,Y, R, Q) such that (D,C) ¢ L(L,Y, X, R°?, Q).
PROOF.

a) If (A, B) € Ly, we have to prove that (B, A) € Lyopgor-

Since BRop = (AR)ROP = ARRop = A and ARop = (BR)ROP = BRRop = B,
hence (B, A) € L(L,Y, X, R°?). In the same way, we can prove that
(B,A) € L(L, X, Y, Q7).

b) For instance, returning to Example 1 we can consider the element
(C,D) € L(L,X,Y, R,Q) such that:

(C, D) = ({%1/05, 132/0.5, 133/0.5, ‘734/1}7 {y1/057 y2/07 y3/07 ?J4/057 y5/05}>
In this case, (D,C) ¢ L(L,Y, X, R?, Q).

4. Classification of the L-fuzzy biconcepts

In many occasions, the large cardinality of the L-fuzzy biconcept lattice
hinders the analysis of the contained information. In these situations, as in
the case of working in an L-fuzzy concept lattice, it is very important to find a
method to organize the information: we could classify the L-fuzzy biconcepts
taking into account the membership degree of the objects (a similar process
might be done from the point of view of the attributes).

We will try to adapt to this case the idea we proposed in [6] for L-fuzzy
concept lattices.

Let us begin by defining a new relation =:
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Definition 6. Consider the L-fuzzy biconcept lattice L.
For every (A, B), (C, D) € L, we can define the relation = as:

(4,B) = (C, D) <= A™Y{(minA(z),1]} = ¢~ { (minC(), 1]}

where A7 {(a,1]} = {z € X/A(z) > a},a € L.
Proposition 5. = is an equivalence relation.

ProoF. It is obvious taking into account the definition of relation =.

Then, we can establish a partition in £ such that £ = |JC;.
jeJ
Associated with each class C; = {(A;x, Bjn),h € {1,...,k;}}, and fixed
ho € {1,...,k;}, we can obtain the set £; = A;,lm{(mi)r(lAmo(:c), 1]} to rep-
’ TE

resent this class. Observe that, due to the equivalence between the elements
of C;, the obtained set F; is the same independently of the chosen hy.

These sets I are the sets of objects that stand out from the others in
class C; looking at the membership degrees.

Example 7. The relation given in Definition 6 establish a classification for
the L-fuzzy biconcept lattice represented in Figure 1 in order to organize its
L-fuzzy biconcepts.

If we apply this equivalence relation = to the L-fuzzy bicontext defined
in Example 1, the obtained different classes are (see Figure 2):

o’Classclelz(Z)‘

(A1, Bia) = ({21/0,22/0,23/0,24/0}, {y1/1,y2/1,y3/1, ya/1, y5/1})
(A12,Bia) = ({21/0.5,22/0.5,23/0.5,24/0.5}, {1/0.5,42/0.5,45/0.5,44/0.5, y5 /0.5})
(A3, Bis) = ({21/1, 22/, 23/1, 24 /1%, {y1/0,92/0, y3/0,44/0,y5/0})

These L-fuzzy biconcepts do not provide information.

o [Class CQ . EQ = {[EQ}

(Ag’l, BQ,I) = ({.171/0, .172/0.5, .173/0, 5(74/0}, {y1/05, yg/l, yg/l, y4/0.5, y5/05})
(A2,2, Bap) = ({21/0,22/1,23/0,24/0}, {y1/0,y2/1,y3/1,y4/0,y5/0})
(A3, Bag) = ({21/0.5,22/1,23/0.5,24/0.5}, {y1/0,y2/0.5,y3/0.5,44/0, y5/0})
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To likes o and y3, and vice versa.

o |Class C3 : B3 = {4}

(A371, 3371) = ({.’E1/05, $2/0.5, $3/0.5, $4/1}, {y1/05, yg/O, yg/O, y4/0.5, y5/05})
(Agﬂg, 33’2) = ({1’1/0, 1’2/0, 5(73/0, 5(74/05}, {yl/l, y2/05, y3/05, y4/1, y5/1})
(As3, Bss) = ({21/0,22/0,25/0,24/1},{y1/1,52/0,43/0,94/0.5,y5/1})

x4 likes y; and y5, and less yy.

o |Class Cy : By = {x1, 73,24}

(A471, B4’1) = ({171/05, ZL‘Q/O, JZ3/0.5, l’4/05}, {yl/l, y2/0.5, y3/0.5, y4/1, y5/05})
(As2, Baa) = ({21/0.5,22/0,23/0.5, 24 /1}, {y1/1,y2/0,y5/0,94/0.5,95/0.5})
(As3, Bas) = ({21/1,22/0.5,23/1,24/1},{y1/0.5,42/0, y3/0,44/0.5,y5/0})

Everybody in {z1,z3, x4} likes y; and vice versa. And with a lower exi-
gence level, also holds for y,.

e | Class C5 : E5 = {ZE17ZE4}

(A5,1, B571) = ({xl/l, ZEQ/O, ZE3/0.5, ZE4/1}, {yl/l, yg/O, y3/0, y4/0.5, y5/0})

x1 and y; like each other. The same information is obtained for x4 and ;.
If we lower the demand level, a similar result holds for y4.

This classification provides an useful tool to analyze the behavior of each
one of the objects studying only those classes in which it appears.

In order to farther deepen the study, we want to set up similarity relations
for the object and attribute sets. This similarity relations will provide us
information about the relation among the different objects and attributes.

With this purpose, we will consider some results of L. Valverde [20],
who defined an F-indistinguishability operator on a set X as a reflexive,
symmetric and F-transitive binary relation (being F' a continuous ¢-norm).
He also proved that this operator can be generated by a family of fuzzy
subsets of X.

If we consider representative elements of the equivalence classes, using
the following theorem of L. Valverde [20], we can obtain similarity relations
for the object set (analogously for the attribute set). These relations allow
to classify, in a fuzzy way, the set of objects (or the set of attributes).
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Figure 2: Classification of the L-fuzzy biconcepts.

Theorem 6. (Representation Theorem). Consider S a map from X x X in

0, 1] and consider F' a continuous t-norm. Then, S is a F-indistinguishability
if and only if exists a family of fuzzy sets of X, {h;},j € J such that for every
x,y € X,

S(x,y) = ;gﬁﬁ (max(h; (), h;(y))| min(h;(z), h;(y)))

where F(zy) = sup{a € [0,1] | F(a,z) < y} is the residuation of the
t-norm F'.

If F(z,y) = Min(x,y), then the F-indistinguishability operator (similar-
ity relation) can be expressed [20] in this way:
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inf (min(h;(x), h;(y if Jp, # 0
gy = L ) B
1 otherwise

where J,, = {j € J/h;(x) # hj(y)}.

As representative element of each class we choose the extension of the
supremum of its L-fuzzy concepts (or, respectively, the intension of the min-
imum of the L-fuzzy concepts of the class for the attributes). Since the
L-fuzzy biconcepts gathered in a class share a common meaning, the choice
of a different representative element may change the obtained similarity re-
lation but does not provide a result contradicting the here proposed one.

Example 8. If we come back to our example, we can take the family {h;},j €
J of the concepts extensions representative of the different classes C; (the
supremum of each class):

hy ={x1/1,29/1,23/1,24/1}

ho = {x1/0.5,25/1,23/0.5,2,4/0.5}
hs = {x1/0.5,25/0.5,25/0.5, x4 /1}
hy = {x1/1,25/0.5,23/1,24/1}

hs = {x1/1,25/0,23/0.5,24/1}

and obtain the similarity relation S (see Table 3).

Table 3: Similarity relation

S| 21 T2 x3 T4
1| 1 0 05 0.5
x| 0 1 0 0
3105 0 1 0.5
s |05 0 05 1

Since three different values appear in the similarity relation, hence we
have three different a—cuts 51, Sp.5 and Sy :

S EIEE S [FEEE] S [
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For example, the a—cut Sy 5 could be interpreted saying that the existing
relationship between x1, x3 and x4 is stronger than the one they have with
Z.

These similarity relations allow to establish fuzzy classifications in the
object set.

This process could also be done from the point of view of the attributes,
establishing different classes among them.

5. Conclusions and future work

The modeling of the use of two relations in an L-fuzzy context is the main
goal of this work. We have defined the L-fuzzy bicontexts and study their
associated L-fuzzy biconcepts.

Some interesting properties have been proved to set up a relationship
between the L-fuzzy biconcepts and the L-fuzzy concepts obtained from the
L-fuzzy contexts associated with each one of the relations. Moreover, in
order to interpret the L-fuzzy biconcepts, we have defined a classification
and similarity relations among the objects and attributes.

Finally, these results have been illustrated by means of an example about
the relationship between two groups of people.

As future lines, we are interested in the study of the L-fuzzy bicontexts
when X =Y. In the practical case, they can model the study of the opinion
of a group of people about themselves or preference studies.
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