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Consider the following pairs of operators induced by an
L-context xX,Y, Iy. First, the pair xÒ, Óy of operators Ò : LX Ñ LY

and Ó : LY Ñ LX is defined by

AÒpyq “
ľ

xPX

Apxq Ñ Ipx, yq and BÓpxq “
ľ

yPY

Bpyq Ñ Ipx, yq.

Second, the pair xX, Yy of operators X : LX Ñ LY and Y : LY Ñ LX

is defined by

AX
pyq “

ł

xPX

Apxq b Ipx, yq and BY
pxq “

ľ

yPY

Ipx, yq Ñ Bpyq.
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The L-rough context induces two operators defined as follows.
Let xX,Y, I, Iy be an L-rough context. Define L-rough
concept-forming operators as

AM “ xAÒI ,AXIy,

xB,ByO “ BÓI X B
YI

(1)

for A P LX,B,B P LY. Fixed points of xM,Oy, i.e. tuples
xA, xB,Byy P LX ˆ pLˆL´1qY such that AM “ xB,By and
xB,ByO “ A, are called L-rough concepts. The B and B are
called lower intent approximation and upper intent
approximation, respectively.
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Linguistic Hedges
Truth-stressing hedges were studied from the point of fuzzy
logic as logical connectives ‘very true’.
A truth-stressing hedge is a mapping ˚ : L Ñ L satisfying

1˚ “ 1, a˚ ď a, a ď b implies a˚ ď b˚, a˚˚ “ a˚ (2)

Truth-stressing hedges we for each a, b P L. re used to
parametrize antitone L-Galois connections, and isotone
L-Galois connections.
On every complete residuated lattice L, there are two important
truth-stressing hedges:

(i) identity, i.e. a˚ “ a pa P Lq;
(ii) globalization, i.e.

a˚ “
"

1, if a “ 1,
0, otherwise.
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Linguistic Hedges
A truth-depressing hedge is a mapping � : L Ñ L such that
following conditions are satisfied

0� “ 0, a ď a�, a ď b implies a� ď b�, a�� “ a�

for each a, b P L. A truth-depressing hedge is a (truth function of)
logical connective ‘slightly true’.
On every complete residuated lattice L, there are two important
truth-depressing hedges:

(i) identity, i.e. a� “ a pa P Lq;
(ii) antiglobalization, i.e.

a� “
"

0, if a “ 0,
1, otherwise .

E. Bartl, J. Konecny Using Hedges in L-concept Analysis Oct 13, 2015, Clermont-Ferrand 5 / 10



Let xX,Y, Iy be an L-context and let r,q be truth-stressing
hedges on L. The antitone concept-forming operators
parametrized by r and q induced by I are defined as

AÒrpyq “
ľ

xPX

Apxqr Ñ Ipx, yq,

BÓqpxq “
ľ

yPY

Bpyqq Ñ Ipx, yq

for all A P LX,B P LY.
Let r and ♠ be truth-stressing hedge and truth-depressing
hedge on L, respectively. The isotone concept-forming
operators parametrized by r and ♠ induced by I are defined as

AXrpyq “
ł

xPX

Apxqr b Ipx, yq,

BY♠pxq “
ľ

yPY

Ipx, yq Ñ Bpyq♠

for all A P LX,B P LY.
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Let r,q be truth-stressing hedges on L and let ♠ be a
truth-depressing hedge on L. We parametrize the L-rough
concept-forming operators as

AN “ xAÒr ,AXry and xB,ByH “ BÓq X B
Y♠

(3)

for A P LX,B,B P LY.
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Theorem

The pair xN,Hy of L-rough concept-forming operators
parametrized by hedges has the following properties.

(a) AN “ ArM “ ArN and xB,ByH “ xBq,B
♠

yO “ xBq,B
♠

yH

(b) AM Ď AN and xB,ByO Ď xB,ByH

(c) SpAr1 ,A
r
2 q ď SpAN2 ,A

N
1 q and

SpxB1,B1y, xB2,B2yq ď SpxB2,B2y
H, xB1,B1y

Hq

(d) Ar Ď ANH and xBq,B
♠

y Ď xB,ByHN;

(e) A1 Ď A2 implies AN2 Ď AN1 and xB1,B1y Ď xB2,B2y implies
xB2,B2y

H Ď xB1,B1y
H

(f) SpAr, xB,ByHq “ SpxBq,B
♠

y,ANq

(g) p
Ť

iPI Ari q
N “

Ş

iPI ANi and px
Ť

iPI Bi
q,

Ş

iPI Bi
♠

yqH “
Ş

iPIxBi,Biy
H

(h) ANH “ ANHNH and xB,ByHN “ xB,ByHNHN.
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Theorem
Let r,♥,q,♦ be truth-stressing hedges on L such that
fixprq Ď fixp♥q, fixpqq Ď fixp♦q; let ♠,s be truth-depressing
hedges on L s.t. and fixp♠q Ď fixpsq,

|B
NH
r,q,♠pX,Y, I, Iq| ď |B

NH
♥,♦,spX,Y, I, Iq|

for all L-rough contexts xX,Y, I, Iy.
In addition, if r “ ♥ “ id, we have

ExtNHr,q,♠pX,Y, I, Iq Ď ExtNH
♥,♦,spX,Y, I, Iq.

Similarly, if q “ ♦ “ ♠ “ s “ id, we have

IntNHr,q,♠pX,Y, I, Iq Ď IntNH
♥,♦,spX,Y, I, Iq.
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Summary

We enrich concept-forming operators in L-rough Concept
Analysis with linguistic hedges which model semantics of
logical connectives ‘very’ and ‘slightly’.
Using hedges as parameters for the concept-forming
operators we are allowed to modify our uncertainty when
forming concepts.
As a consequence, by selection of these hedges we can
control the size of concept lattice.
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