Ty o cruver
G

Vol. 27(1),2019, 211-231

DOI: 10.2478 /auom-2019-0011
An. St. Univ. Ovidius Constanta

Some decompositions of filters in residuated
lattices

Dana Piciu, Christina Theresia Dan and Florentina Chirtesg

Abstract

In this paper we introduce a new class of residuated lattice: resid-
uated lattice with (Ch & —) property and we prove that (Ch & —) <
(C5) 4+ (Cn). Also, we introduce and characterize C—, ,C\y,Cx and
Ch & — filters in residuated lattices (i.e., we characterize the filters for
which the quotient algebra that is constructed via these filters is a resid-
uated lattice with C—, (Cv or Cx or Ch g —, property). We state and
prove some results which establish the relationships between these filters
and other filters of residuated lattices: BL filters, MTL filters, divisible
filters and, by some examples, we show that these filters are different.
Starting from the results of algebras, we present for MTL filters, BL
filters and Ch g —s filters the decomposition conditions.

1. Introduction

Residuated lattices, the algebraic counterpart of logics without contraction,
were introduced in 1924 by Krull ([11]). They have been investigated by
Balbes and Dwinger ([1]), Dilworth ([7]), and Ward and Dilworth ([14]). An
important concept in the theory of residuated lattices and other algebraic
structures used for formal fuzzy logic, is that of a filter. Filters can be used
to define congruence relations and play an important role in studying logical
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systems and the related algebraic structures. There are a rich rage of classes
of filters so, in [4], we proposed a new approach for the study of filters in
residuated lattices.

In [10], starting from the well known condition (C\) satisfied in MTL
algebras and BL algebras: (Cy) :zVy =[xz = y) = y] Ay = x) — z],
for every x,y it were obtained interesting decompositions of prelinearity and
divisibility in a residuated lattice with important consequences: (prel) <
(C_)+(Cy), (prel) = (Cr), (div) = (C-) and (Cn), where (C,) : (z — y) —
(y = ) =y — x, for every z,y and (Ch) : Ay = [zO(x — 9)|V[yO(y — )],
for every z,y.

In this paper, we introduce a new class of residuated lattices: residuated
lattice with (Ch g —) property: zAy = [z ((y = ) = (2 = y)|]V[yO ((x —
y) = (y — x))], for every z,y and we show the connections between these
lattices and residuated lattices with (Cy ) and (C _,) property: (Ch & —) <
(C=) + (Ch).

Also, in this paper we introduce C_, ,C\, Cx and Cy ¢ _, filters in resid-
uated lattices. So, we characterize the filters for which the quotient algebra
that is constructed via these filters is a residuated lattice with C_, (C\,, Cx or
Ch & —) property.

We state and prove some results which establish the relationships between
these filters and other filters of a residuated lattice: BL filters, MTL filters,
divisible filters and, by some examples, we show that these filters are different.
Starting from the results of algebras, we present for MTL filters, BL filters and
Ch & — filters the decomposition conditions. So, we make the following decom-
positions: MTLF(L) = C_F(L)n C_ F(L), BLF(L) = DivF(L)n C,F(L)
and C, ¢ - F(L) = CLF(L)NC,F(L).

We prove that a residuated lattice L has C_, (C\, Cn, Ch & —) property if
and only if every filter of L is a C_, (Cy,Ch,Ch g —) filter if and only if {1}
is a (Cy,Ch, Ch g —) filter of L.

The conditions C_,, C\,, Cx and Cjx g _, are topics of interest because their
study provides new types of residuated lattices (and consequently new classes
of filters) which refines the relations between different classes of residuated
lattices (and consequently, between different classes of filters). A refinement
of old hierarchies is thus obtained.

1 Preliminaries of residuated lattices

In this section we recall some definitions, properties and results for residuated
lattices.

Definition 1. (/2], [9], [13], [14]) A residuated lattice is an algebra
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(L,V, A\, ©,—,0,1) of type (2,2,2,2,0,0) equipped with an order < satisfying
the following:

(LRy) (L,V,A,0,1) is a bounded lattice relative to the order <;
(LR2) (L,®,1) is a commutative monoid;

(LR3) The operations @ and — form an adjoint pair, i.e. a ®x <y iff a <
x — vy for every a,z,y € L.

We denote by L a residuated lattice.

For € L and a natural number n we define z* = z — 0,2** = (2*)*,2° =
land 2" =z 1 ®z for n > 1.

The following main rules of calculus in a residuated lattice L can be found,
for example, in [3], [8], [9], [12], [14]:

lsr=z,x—>2x=1L,z—1=1;
Ifx<y,thenz—zx<z—oyandy—z<zx—2z;

(e1)

(c2)

(¢3)

(ca) z<y—a((x=y 2y 2y=2—y;
(cs) y = z2<(z —=y) = (z— 2);

() z=y<y—z)—m(x—=2,2—=>y<(z—z) = (2 2y);
(cr) 20 (= y) <y,z>y<(202) = (YO 2);

(cs) @

s (y—=2)=@oy »z=y— (x> 2,z = (yVvVz)>(x =
y)V(z = 2);

(co) z= (yNhz)=(x =y A(x—2),yVz)=z=(y—2)A(z— )
(c10) <™, xO0z* =0,z > y* =y — z*, for x,y,z € L.

Lemma 1. Let L be a residuated lattice and x,y,z € L. Then

(c11) (x =y O (y—2) <z— 2

Proof. @ (x w y) <yandyo(y =2 2) <zsozO(x = y) Oy = 2) <
y© (y = z) < z. We deduce that (z — y) &y — 2) < — z, for every

x,Y,z € L. L]

In a residuated lattice L we consider the following identities:
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(div) z© (z = y) = x Ay (divisibility);
(prel) (z = y)V (y — z) =1 (prelinearity).
Definition 2. (/9], [13]) The residuated lattice L is called
(1) divisible if L verifies (div);
(#4) an MTL algebra if L verifies (prel);
(#91) a BL algebra if L verifies (div) and (prel).

Lemma 2. A residuated lattice L is a divisible residuated lattice if and only if
zOx—=y) 2y y—a)=yo(y—=2x) =520 (z—=y), for every z,y € L.

Proof. Obviously, if L is divisible, then z ® (z — y) =y © (y — ), for every
rayeELsoz®O(x—y) 2yoy—2)=yo(y—2z) 220 (x—y) =1.

Conversely, if we suppose that z ® (x = y) 2y (y = z) =y o (y —
x) = x O (x — y), for every x,y € L, then for x = x Ay we obtain that
Ay o(zAy) =y 2yoly = (@Ay) =y0 Yy = (Ay) —
(@Ay)o((@Ay) = y).

Sincey = (xAy)=y—-2)ANy—-y)=y—z,y0(y—z) <zAyfor
every x,y € L we obtain that (zAy) > yO(y = 2) =y (y = 2x) = (xAy)
S ANy 2yoy—r)=1ezAy<yo(y—z)ezAy=y0 (y— x),
for every x,y € L, so L is a divisible residuated lattice. O

Lemma 3. A residuated lattice L is an MTL algebra if and only if [(x ® (x —
Y) = 2N (O (y = x) = 2] = (2 = 2) V (y = 2), for every x,y,z € L.

Proof. First we suppose that [(z ® (z — y)) = 2]A [(y© (y = 2)) — 2] =
(x = 2)V (y = 2), for every z,y,z € L.

Then for z = Ay we obtain [(z ® (z = y)) = (2 AY)A [(y© (y — ) —
(zAy))=(@—=(xAy))V(y—(xAy) 1= (x—y) V(y— ), for every
xz,y € L,so L is an MTL algebra.

Conversely, we suppose that L is an MTL algebra and let x,y,2z € L.

(cs) (es
=20 —y) —wzandy — 2z <

ag

ca
Sincexz =z < (z = y) = (x = 2)

(z—=y) = (x—2) (czs)xQ(x%y)—)zwededucethat(x—)z)\/(y—)z)g
x©® (zr = y) = z and similarly, (y 2> 2)V(z = 2) <y O (y = x) = 2.

Let t€ Lsuchthat t <z O (z = y) = 2,50 (y = ) — 2.

We deduce that 1 =t = [z 0 (x = y) = 2] = (z = y) = [t = (. — 2)]
and 1l =t > yo(y — 2) = 2=y — x) - [t = (y — 2)]. Hence
z—oy<t—o(z—zandy—sax<t— (y—2).Butt—[(z—2)V(y—2)



SOME DECOMPOSITIONS OF FILTERS IN RESIDUATED LATTICES 215

(cs)
28 t—=(z—=2))ViEi—=>(y—=2)]2 (@ =y V(y—2x)=1,since L is an

MTL algebra.
Hencet < (z = 2)V(y = 2)so [(zO(z = y)) = A [(yO(y — x)) — 2] =
(x = 2) V(y — =), for every z,y,z € L. O

In [10], starting from the well known condition (C\) satisfied in MTL
algebras and BL algebras:

(Cv): zVy=[z—=y) =yl N[y = z) =zl

for every x,y it were obtained interesting decompositions of prelinearity and
divisibility in a residuated lattice with important consequences:

(prel) & (C2) + (Cy) and (prel) = (Ch)

(div) = (C-) and (div) = (Ch),

where
(Co):(@—y) = (y—z)=y—u,

(Cr)izhy=[z0(z=y)]Vyo(y =),
for every x,y.
Lemma 4. Let L be a residuated lattice with (C_,) property. Then
(z = y)olz =y) = Y= 2)] =y =)0y =) = (= y)] = (r > y)O(y — ),
for every x,y € L.

Proof. Since (x —»y) = (y = x) =y — z, forevery z,y € L, (x = y) O [(x —
y) =y —=o)]=@E—-y) oy —)and(y = 2)0 [(y = z) > (= y)| =
(y—=z)0(z—y). O

2 Residuated lattices with (Cyg_,) property

Definition 3. We say that a residuated lattice L has (Cn g —) property if it
satisfies the following condition:

Cre=) zAhy=zo(y—z) > (@@ —=y)| Vo (z—=y) = (y— )

Example 1. We consider the residuated lattice L = {0,a,b,c,d, 1} from [12],
Ezxample 1.11, p. 7. It is immediate to prove that L satisfies the condition

(CA & *))'
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Theorem 1. Let L be a residuated lattice. Then (Cp) + (C-) < (Ch & =) -

Proof. (CA)+(C=) = (Chr & —) : Wehave z Ay (%) [z —=y)|Vye(y —

D] C oy o) = @ )] Ve (@ - ) - (y - 2)]. Tt follows
that (Ch g —) holds.

(Ch g =) = (C5) : From (Ch g —) we deduce that {[z © ((y — x) —
(@) Vo (@ =y~ =)} > @ay =18 {po(y -
) 2 (@—=y))=2zAyt Moz 2y =y =2 2) 2 2Ay =1
([ro((y—=2) = (@—=y) =2 Mzo(y > 2) = @ —=y) = yA
o=y =@yl 2 A(yo(z—=y) = (y—2)) 2y =1
InN(zo((y—=2) = (@=9)] 2 A (o ((z—y) > Y —2))] o)Al =
lezo(y—2)—=(z—=9) 2y=9y0(z >y = (y—>2) > z=1
Thus, (y = z) = (x > y)) = (. —>y)=1.

We deduce that (y > z) > (z 2 y) <z —y,s0 (z =2y = (y—>z) =
y — x, for every z,y € L. It follows that (C_,) holds.

(Ch & —) = (Ch) : Since (Cp g —) implies (C,) it follows that z Ay =
(= 2) = @) Vo (@) = G —2)] S o@-y)
V]y ® (y = )], so (Cx) holds. O

Theorem 2. Let L be a residuated lattice. L has (Cn g —,) property if and
only if

@Ay) = 2=y = 2) = (z = y) = (= = 2)]A (= y) = (y = 2) = (Y= 2)],
for every x,y,z € L.

Proof. First, we suppose that L has (Ch & — ) property.
We deduce that

(o= = @oy)Vyo(@—y) - y—oa)) »z=(xAy) — 2 L
O((y—=2)=(x—=y) =2 Ao (z—y) = (y =) 2 2l=(xAy) =2

(zAy) = 2=y = 2) = (2 =y) = (@ =2z =y) = (y =) = (Y= 2)]

Conversely, for z = x we obtain 1 = ((z —» y) = (y = z)) — (y — ), so
(x =y) = (y— z) =y — x for every z,y € L and (C_,) holds.

For z = 2 Ay we obtain [z © ((y = z) = (z = )| VO (e = y) = (y =
z))l <z Ayandfor z = [zO((y = 2) = (z = y)] VIO (z = y) = (y = 2))]
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weobtain t Ay <[z0 (y = 2) = (=) Vyo (z =y — (y = x).
We deduce that t Ay =20 ((y = 2) = (. = y)Vyo((r =y — (y =

N E o @ =V [y (y — )], so (Ca) holds. 0
Remark 1. MTL algebras and divisible residuated lattices have (Ch g —)
property. Indeed, since (prel) = (Ch),(C=) and (div) = (Cp),(C-) we
deduce that (prel) = (Cr) + (C-) & (Ch & —) and (div) = (Ch) + (C5) &
(C/\ & *))-

Theorem 3. Let L be a residuated lattice with (Cn g —,) property. Then
(=)0 @Yy—z)=(—y) Ay — ), for every z,y € L.

Proof. Since from Theorem 1, (Ch ¢ —) < (Cn) 4+ (C-,) we deduce that

=y oy =lcsy)oly—a)]Viy-s2)oe @y =
= e =)o@ =y - =)V —0)o (- @—y)) L
==y Aly— ). 0

Remark 2. We consider the residuated lattice L = {0,a,b,c,d,1} from [6],
Ezxample 5.11, p.152. Then L is not an MTL algebra and neither a divisible
residuated lattice. Moreover, (b = ¢)® (¢ = b) =dod=0#d=dANd=
(b—=c)A(c—D).

Open problem. Find an example of residuated lattice with (z — y) ®
(y = ) =(z = y) A(y — z), for every z,y, not verifying (C, ¢ —,) property.

Remark 3. Every MTL algebras satisfies the equality (x — y) © (y — x) =
(x = y) A (y — x), for every x,y € L. Indeed since (x = y)V (y > z)=1=
=y oly—z)=(@E-2y Ay — ).

Remark 4. FEvery divisible residuated lattice satisfies the equality (x — y) ®
(y—=z)=(x = y)A(y = ), for every x,y € L. Indeed, (v — y)N(y — ) =
@2y olz—=y) = y—=a)=@—=y) ol —a).

Remark 5. There are residuated lattices which have (C_,) property but do not
have (Ch & —) property. For example the residuated lattice
L ={0,n,a,b,c,d,m,1} from Example 1, pp. 243, [10], is a residuated lattice
with (C-) property. We have [a ® ((d = a) = (a = d))]V[d© ((a = d) —
(d—=a)]=a0(a—=d)]V[do(d—a)]=(@ed)V(dea)=0Vv0=0, but
aNd=n#0.
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Remark 6. There are residuated lattices which have (Cn) property but do not
have (Ch & —) property. For example the residuated lattice L = {0,a,b,c,d, 1}
from Example 1, pp. 249, [10], is a residuated lattice with (Cn) property. We
have b © (¢ = b) = b= )]VcO((b—=¢) = (c—=b))=Dbo(d—
AVieod—=d]=0601)V(col)=bVe=d, butbAc=a #d.

3 Filters in residuated lattices

Definition 4. ([13]) A nonempty subset F' of a residuated lattice L is called
deductive system if :

(Fy) 1€ F;
(Fy) If v, >y € F, theny € F.
An equivalent definition for a deductive system is ([13]):
(F]) Tz <yand z € F, then y € F;
(Fi) fz,y € F,thenz®y € F.

Following this equivalence, a deductive system of L is also called an im-
plicative filter (i-filter or filter, for short). We denote by F(L) the set of all
filters of L. If F,G € F(L) then F'NG € F(L), see [13].

Lemma 5. Let F € F(L), z,y,z € L such that v — y,y — z € F. Then
x—z€F.

Proof. Since x — y,y — z € F we deduce that (z — y) ® (y — 2) € F. From
(c11), (@ —=y)O(y—2)<z—>2,50r—>2€F ]

If F € F(L), then the relation ~p defined on L by (z,y) €~p iff z —
y,y > x € Fiff (# - y) ® (y — x) € F is a congruence relation on L (see
[13]).

The quotient algebra L/ ~g denoted by L/F becomes a residuated lattice
in a natural way, with the operations induced from those of L.

For z € L we denote by x/F the congruence class of x modulo ~p . The
order relation on L/F is given by z/F < y/F iff x — y € F. Obviously,
x/F=1/Fiff z € F.

Let V be a subvariety of the variety RL of residuated lattices.

Definition 5. ([4]) A filter F € F(L) will be called o 'V filter if L/F € V.

We denote by VF(L) the set of all V filters of L.
In what follows we will consider in place of V different subvarieties of
residuated lattices.
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3.1 MTL filters, divisible filters and BL filters in a residuated lat-
tice

Definition 6. ([15]) A filter F' of a residuated lattice L is called MTL filter
if L/F is an MTL algebra.

We denote by MTLF(L) the set of all MTL filters of L.
Theorem 4. ([15]) For F € F(L) the following conditions are equivalent:
(i) F € MTLF(L);
(i) (x > y)V(y — ) € F for every x,y € L.

Lemma 6. Let F be a filter of a residuated lattice L. F € MTLF (L) if and
only if [(x Vy) = z]V[(xVy) = y] €F for every x,y € L.

Proof. Obviously, from Theorem 4 and (cg) we have [(zVy) — z]V[(xVy) =
y=lz=a)Ay=2)]VE=2yAly—=yl=Y—2)Viz—=y). O

Definition 7. ([5]) A filter F' of a residuated lattice L is called divisible filter
if L/F is a divisible residuated lattice.

We denote by DivF (L) the set of all divisible filters of L.
Theorem 5. (/5]) For F' € F(L) the following conditions are equivalent:
(i) F € DivF(L);
(i7) (xANy) = [z O (x = y)] € F for every z,y € L.

Lemma 7. A filter F of a residuated lattice L is divisible if and only if [z ©
(z—=y) 2y —-2)] =>yoly—z) =20 —y) € F, for every
z,y € L.

Proof. If F € DivF (L), then L/F is divisible, so, using Lemma 2, [z © (z —
Y)—yoy—2)] 2 yo(y—z) 220 (@—y) €L

Conversely, for y = x Ay, we obtain (z Ay) — [z ® (z — y)] € F. Using
Theorem 5, we deduce that F' € DivF(L). O

Definition 8. (/5]) A filter F' of a residuated lattice L is called BL filter if
L/F is a BL algebra.

We denote by BLF (L) the set of all BL filters of L.
In [5] it is proved the following result : BLF(L) = MTLF(L) N DivF(L).
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3.2 (. filters in a residuated lattice

Definition 9. A filter F of a residuated lattice L is called C_, filter if L/F
s a residuated lattice with C_, property.

We denote by C_,F(L) the set of all C_, filters of L.

Example 2. We consider the residuated lattices L = {0,a,b,c¢,d, 1} from
Remark 7. L has C_, property and F = {1} is a C_, filter of L since L/F =~ L.

Theorem 6. For a filter F' of a residuated lattice L the following conditions
are equivalent:

(i) F € CLF(L);

)
(7)) [(x = y) = (y = x)] = (y — ) €F, for every x,y € L;
(#32) If forz,y,z€ L, (x > y) > (y = (2 > x)) € F theny — (z > x) € F;
() [(x = y) = (y" — )] = (y™ — ) € F, for every natural number n > 1

and every x,y € L;

(v) If for z,y,z € L with z <y, (x - y) = (z > x) € F then z — x € F}

(vi) [(x =y (y—2)] = [((y = x) = 2) = z] € F, for every x,y, z € L;

)
) ) =

(wit) [(z = y) = (y— (z = 2))] = (y = (2 = x)) € F, for every z,y,z € L;
) ) =

(viii) [(x — y (y = x)] = [(xr = 2) = (y = 2)] € F, for every x,y,z € L.

Proof. (i) = (ii). We suppose that F' € C_F(L). Then L/F is a residuated
lattice with C_, property so (¢/F — y/F) — (y/F — «/F) =y/F — «/F, for
every z,y € L. Thus [(z/F — y/F) = (y/F — «/F)] —» (y/F - «/F)=1/F
and [(z = y) = (y—2)] = (y > ) € F.

(i7) = (i). We suppose that [(z = y) — (y = 2)] = (y = z) € F, for
every z,y € L. Since by (¢4), y = = < (x = y) = (y — x) we deduce that
(y = 2) =[x =y - (y—a)=1€ F so (x/F - y/F) - (y/F —
x/F)=y/F — x/F, for every x,y € L, thus L/F is a residuated lattice with
C_, property and F € C,F(L).

(i7) = (ii1). Suppose that (x = y) = (y = (z = 2)) € F, 80 z — [(x —
y) = (y — x)] € F. Since by hypothesis, [(z = y) = (y = z)] = (y — z) € F,
from Lemma 5 we deduce that z — (y — z) € F,soy — (z — z) € F.

(7ii) = (it). Since 1 = [(x = y) = (y = z)] = [(x = y) = (y — z)]

C(eopolesn oo @on) =y - (@>
y) = (y — ) = )
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€ F, by hypothesis, y — [((t = y) = (y = z)) = 2] € F, ie, [(x = y) —
(y = 2)]— (y—=x) ekl
(#4) = (iv). In (i7) for a natural number n > 1 replacing y by y" we
obtain [(z — y™) — (" — x)] — (y* — =) € F, for every =,y € L. Since
c (es)
yngy(::’ﬁ)x%y"§x—>y:>(x—>y)—>(y"—>x) §3 (x = y") = (

o) D@ oy 5 )] = (=) < @ = y) = (Y = )]

— (y™ — x). Since F is a filter it follows that [(z — y) — (y" — x)]
— (y" = z) € F.
() = (i3). For n = 1.
(v) = (i4i). Let x,y,z € L such that (x — y) = (y = (¢ = z)) € F,
ie, (x = y) > (yo©z—x) € F. Since y ® z < gy, from (v) we deduce that
(yoz)—mz=y—(z—>z)€EF

(#5) = (v). Let z,y,z € L with z < y such that (z — y) —» (¢ — z) € F.
From (i1), [(x — 2) = (z > z)] = (z > x) € F.

Since z < y from (¢3), z > 2 <z = yso(zv -y = (z2—=z) < (r—
z) = (z = z). But F is a filter, so (x — z) — (2 — x) € F. We deduce that
z—x el

(#4) = (vi). Since [(x > y) > (y > z)] = (y > z) € F and [(z — y) —

oo Slyoa) oo (@) > @) - 2]

(cs) [(z—=y) = (y—2)] = [((y—=x) = 2) — 2] for every x,y,z € L it
results that [(x > y) = (y— )] = [((y = z) = 2) > 2] € F.
(vi) = (i4). For z =z we have [(x = y) = (y > )] = [((y = z) = =) —

(ce) [(z—=y)—= (y—2)—=(y—zx)EF

x] =
(i4) = (vii). We have [(z = y) = (y = (z = 2))] = (y = (z = 2))
el e I e e R I e
(y = 2))] = [z = (y — x)]. Using (cg) we deduce that [(x — y) — (y — z)]
> y—=2)<[z=((z—=y) = (y—2a)] = [z = (y = 2)]. From (i7), it
results that [(z — y) = (y = (z = 2))] —» (y = (z — z)) € F, for every
x,y,z € L.

(vii) = (ii). For z = 1 we obtain (ii).

(#4) = (vidi). Since [(z = y) = (y > )] = (y = z) € Fand 1 =
(y = z) = [(x = 2) = (y = 2)] € F, applying Lemma 5 we deduce that
[(z—=y) = (y—=2)] = [(x = 2) = (y— 2)] € F, for every z,y,z € L.

(viit) = (i1). We take z = x. O

Theorem 7. Let L be a residuated lattice. L has C_, property if and only if
any filter of L is a C_, filter.

Proof. We suppose that L has C_, property and let F' be a filter of L. Since
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1 € F we deduce that [(z — y) = (y = 2)] = (y = ) = 1 € F, for every
x,y € L, so F € CL,F(L).

Conversely, if any filter of L is a C_, filter, then {1} is a C_, filter, so
(z—=y) > y—a)—= (y—2z)=1,thus (z > y) > (y = z) < (y = z) for
every x,y € L.

Since by (c4), y = =z < (x — y) = (y — x) we deduce that (z — y) —
(y = x) = (y — z) for every x,y € L, thus L has C_, property. O

Corollary 1. A residuated lattice L has C_, property if and only if {1} is a
C_, filter of L.

Proposition 1. Let L be a residuated lattice and F,G € C_F(L). Then
FNGeCLF(L).

Proof. Let z,y € L. Since F,G € C_LF(L), then by Theorem 6, (ii), [(x —
y) = (y = 2)] = (y = z)isin F and also in G, so [(z = y) = (y — z)] —
(y = x) € FNG, that is, FNG € CLF(L). O

Proposition 2. Suppose that F' and G are two filters of a residuated lattice
L and F CG. If F € CLF(L), then G € CLF(L).

Proof. Let z,y € L. Since F' € C_,F(L), from Theorem 6, (ii), we deduce
that [(z — y) —» (y = «)] = (y — z) € F. By hypothesis, F C G, so
[(z—=vy) = (y—2)] = (y = ) €G, for every x,y € L. O

Lemma 8. Let F € CL,F(L). Then
(@) [(x—=2) = (y—=2)] = (y— x) €F, for every x,y,z € L with y < z;
(i) [(y* = 2") = (y = x)] = (y = x) € F, for every x,y € L;

(#it) (x = y) Oz =y = (y—2)] = (x =y O(y— x) €F, for every
z,y € L.

Proof. (i). Let z,y,z € L with y < z. Then x — y < x — z, so by (c3), (x —
Z) > (y—a)<(@—y) = (y—a)and (@ =y = (y =) = (y =)
<[(z—=z2) — (y—z)] = (y — z). Since F € C,F(L) from Theorem 6 (ii),
[(z = y) = (y = 2)] = (y = ) € F so we obtain [(z = z) = (y — a)] —
(y = z) €F.

(#4). From (i) for z = y**, since y < y**, we deduce that [(x — y**) —

o) - w—=2) Ly >a) >y a)] -y er
(#4i). Since F € CLF(L) from Theorem 6 (ii), [(z = y) — (y = x)] —
(y = x) € F, for every z,y € L. But [(z — y) = (y = 2)] = (y — z)

(c7)

< (z—=yollz =y = y—=2a)]—(—y oy — z) We deduce
that (z = y) Oz = y) = (y = 2)] = (z = y) © (y = x) € F, for every
x,y € L. O



SOME DECOMPOSITIONS OF FILTERS IN RESIDUATED LATTICES 223

3.3 C(\ filters in a residuated lattice

Definition 10. A filter F' of a residuated lattice L is called C,, filter if L/F
is a residuated lattice with C\, property.

We denote by C,F(L) the set of all C\, filters of L.

Theorem 8. For a filter F of a residuated lattice L the following conditions
are equivalent:

(i) F e CyF(L);
(i) [((z = y) = y) AN ((y = ) = x)] = (2 Vy) € F, for every z,y € L;

(#32) If (z = y) = (z =2 y))A((y = x) = (2 = z)) € F thenz — (xVy) € F,
forx,y,z € L.

Proof. (i) = (i1).If F € CyF(L), L/F is aresiduated lattice with C\, property
so [(z/F = y/F) — y/F|N[(y/F — ¢/F) — x/F] = 2/F V y/F, for every
xz,y € L. Thus ([(z/F — y/F) —» y/FI|N|(y/F — z/F) = z/F]) = (¢/F V
y/F)=1/F and [((x = y) = y) A ((y = ) = )] = (x Vy) € F, for every
x,y € L.

(i7) = (). We suppose that [((x = y) = y)A((y — x) = z)] = (zVy) € F,
for every 2,y € L. Since z,y < (z = y) > y and x,y < (y — x) — « it follows
that xVy < (x - y) > yand 2 Vy < (y — ) — x. We deduce that
(zVy) = [((z=y) =2y Ay = 2) >2)] =1 Fso(@/FVy/F) =
[(z/F — y/F) - y/F)AN((y/F — z/F) — z/F)] for every z,y € L, thus
L/F is a residuated lattice with C\, property and F' € C,F(L).

(#4) = (#it). Suppose that [((x = y) 2 y)A((y > z) = z)] = (xVy) € F,

for every z,y € L. We have [(z = y) — (2 = y)] A[(y = z) = (2 = z)] ()

o (@=y) = A= (=2 = 2)] Lzo @ —y) = Ay —

x) — x)]. By hypothesis and Lemma 5 we deduce that z — (x Vy) € F.

(#5i) = (4). Since ((x > y) = (z 2 YDA ((y =2 z) = (2 = z)) = 2z =
((z = y) >y A((y—2) = a))and 1 =[((z = y) = y) Ay = z) = )]
= [((z = v) = y)AN((y = z) — z)] € F, by hypothesis, [((z — y) —
YWA((y—z)—>x)]— (zVy) €F O

Theorem 9. Let L be a residuated lattice. L has C\, property if and only if
any filter of L is a C\, filter.

Proof. We suppose that L has C\, property and let F' be a filter of L. Since
1 € F we deduce that [((zx = y) 2 y) A((y > z) > z)] > (zVy)=1€F,
for every x,y € L, so F' € CyF(L). Conversely, if any filter of L is a C\, filter,
then {1} is a C\ filter, so [((z = y) =2 y) A((y = x) = )] = (zVy) = 1,



SOME DECOMPOSITIONS OF FILTERS IN RESIDUATED LATTICES 224

so ((z = y) - yYyA(ly = 2x) = x) <axVy, for every x,y € L. Since
zVy < ((z = y) = y)AN({(y = ) = x) we conclude that ((z — y) —
YA ((y — x) = x) =xVy for every x,y € L, thus L has C\ property. O

Corollary 2. A residuated lattice L has C\y property if and only if {1} is a
C\y filter of L.

Example 3. We consider the following residuated lattice ([10], Example 1,
pp. 249): Let L = {0,a,b,¢,d,1}, with 0 < a < b,c < d < 1, but b,c are
incomparable, with the operations:

=10 a b ¢ d 1 ®|0 a b ¢ d 1
0|1 1 1 1 1 1 0/0 0O OO O O
ald 1 1 1 1 1 al0 0 0 0 0 a
blec d 1 d 1 1, b0 0 a 0 a b
c|lb d d 1 1 1 cl|0 0 0 a a c
dla d d d 1 1 d|0 0 a a a d
110 a b ¢ d 1 110 a b ¢ d 1

The lattice L has (Cx) and (C\/) properties, so F = {1} is a C\ filter of L.

Proposition 3. Let L be a residuated lattice and F,G € CyF(L). Then
FNGeCyF(L).

Proof. Let z,y € L. Since F,G € C,F(L), then by Theorem 8, (i), [((x —
y) > YA ((y—z) = x)] = (xVy)isin F and also in G, so [((x — y) —
YA(y—z)—=2)— (xVy) € FNG, that is, FNG € CyF(L). O

Proposition 4. Suppose that F' and G are two filters of a residuated lattice
L and F CG. If F € CyF(L), then G € CyF(L).

Proof. Let z,y € L. Since F' € CyF(L), from Theorem 8, (i), we deduce that
[((z = y) = y)AN((y = z) > z)] = (x Vy) € F. By hypothesis, FF C G, so
[(z—=y) =y A(ly—=2x) = 2x)] = (xVy) €G, for every z,y € L. O
3.4 (), filters in a residuated lattice

Definition 11. A filter F' of a residuated lattice L is called C, filter if L/F
is a residuated lattice with Cx property.

We denote by CAF(L) the set of all C, filters of L.

Theorem 10. For a filter F' of a residuated lattice L the following conditions
are equivalent:
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(i) F € CAF(L);
(i) (xAy) = [zO(r—=y)Vyo (y = 2)] € F, for every x,y € L;

(150) If [(x = y) = (x = 2)]A[(y = ) = (y = 2)] € F then (xAy) — z € F,
forx y,z € L.

Proof. (i) = (ii). It F € CAF(L), L/F is a residuated lattice with Cx property
sox/FAy/F =[z/Fo(x/F —y/F)Vy/Fo(y/F — x/F)), for every z,y €
L. Thus (z/F ANy/F) = [¢/F ® (¢/F - y/F)Vy/F & (y/F — z/F)=1/F
so(xAy) =z (x—=y)Vye (y— x)] € F, for every z,y € L.

(i7) = (¢). We suppose that (zAy) = [z O (z = y)Vy e (y — x)] € F for
every z,y € L. Since z ® (z —» y) < z,y and y ® (y — z) < z,y we deduce
that 20 (z = y) <zAyand yO(y = z) <z Ay,s0 [z0(x = )] Vo (y —
)] <z Ay.

Thus, (z© (z = y)]V[y© (y = x)]) = (xAy)=1€ F,soz/F Ny/F =
[/F© (z/F —y/F)]Vy/F o (y/F — x/F)] for every x,y € L, i.e., L/F is
a residuated lattice with C property and F' € CAF(L).

(#3) = (di1). Let x,y,z € L such that ((z = y) = (z — 2)) A ((y —
z) = (y = z)) € F. We have [(z = y) = (z = 2)|A [(y = z) = (y = 2)]

= [eo@=y) = om—a) =Y (o) Vo y-
x))] — z. Since by hypothesis, (x Ay) = (2 © (z = y)) V(y© (y — z))] € F,
from Lemma 5 we deduce that (z Ay) — z € F.

(i1i) = (44). Since 1 = [(z O (z = yY)) V(YO (y = 2))] = [(z ® (x —
Y)V(y® (y — x))], then for z = 26 (x — y) Vy © (y = ), we obtain
[(z = y) = (x = 2)]A[(y = z) = (y — 2)] =1 € F. Now, by hypothesis we
obtain (zAy) = [z® (z = y)Vyoe (y — x)] € F. O

Theorem 11. Let L be a residuated lattice. L has Cn property if and only if
any filter of L is a Cx filter.

Proof. We suppose that L has Cx property and let F' be a filter of L. Since
1 € F we deduce that (zAy) = [z@(x =2 y)Vy© (y — x)] =1 € F, for every
x,y € L,so F € CAF(L).

Conversely, if any filter of L is a Cx filter, then {1} is a Cx filter, so
(@Ay) = [tO(@ =y Vyo(y = o)) =1s0xAy <z0(z = y)Vyo(y — o),
for every x,y € L. Since 2 ® (z = y) Vy © (y — z) < & Ay we conclude
that t Ay =20 (x = y) Vy © (y — ) for every z,y € L, thus L has Cx
property. O

Corollary 3. A residuated lattice L has Cn property if and only if {1} is a
Ch filter of L.
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Example 4. If we consider the residuated lattice L = {0,a,b,¢,d, 1} from
Ezample 3 then F = {1} is a Cx filter of L.

Proposition 5. Let L be a residuated lattice and F,G € CAF(L). Then
FNGeCAF(L).

Proof. Let x,y € L. Since F, G € C,\F(L), then by Theorem 10, (ii), (xAy) —
[0z —=y)Vye (y —» x)] isin F and also in G, so (x Ay) = [z O (v —
Y)Vy o (y— x)] € FNG, that is, FNG € CAF(L). O

Proposition 6. Suppose that F' and G are two filters of a residuated lattice
L and F CG. If F € CAF(L), then G € CAF(L).

Proof. Let z,y € L. Since F' € CAF(L), from Theorem 10, (ii), we deduce
that (z Ay) = 2@ (x = y) Vy© (y = z)] € F. By hypothesis, F C G, so
(xAy) = [z0(x—y)Vyo (y— z)] € G, for every z,y € L. O

4 Some decompositions of filters in residuated lattices
Theorem 12. In any residuated lattice L,
MTLF(L) = C_F(L) N C,F(L).

Proof. F € CLF(L)NC,F(L) iff L/F is a residuated lattice with C_, and
C\ properties iff L/F is an MTL algebra (see [10], Theorem 3.2.1) iff F €
MTLF(L). O

Remark 7. Every MTL filter of a residuated lattice L is a C_, filter of L,
i.e.,

MTLF(L) G C_F(L).

Indeed, from Theorem 12, MTLF(L) C CLF(L). We show that
MTLF (L) # C_LF(L). We consider the following example ([10], Example 1,
pp. 240) of a residuated lattice which has C_, property. Let L = {0,a,b,¢c,d, 1},
with 0 < a < b,c < d < 1, but b,c are incomparable, and the following opera-
tions:

=10 a b ¢ d 1 ®l0 a b ¢ d 1
0O/1 1 1 1 11 0/0 0 OO OO
ald 1 1 1 1 1 al0 0 0 0 0 a
blec ¢ 1 ¢ 1 1, b0 0O b 0 b b
c|b b b 1 1 1 c|0 0 0 ¢ ¢ c
d|la a b ¢ 1 1 d|{0 0 b ¢ d d
110 a b ¢ d 1 110 a b ¢ d 1
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From Corollary 1, F = {1} is a C_, filter but it is not an MTL filter since
(b—=c)V(c—=b)=cVvb=d¢F.

Remark 8. Fvery MTL filter of a residuated lattice L is a C\, filter of L, i.e.,
MTLF(L) & C/F(L).

Indeed,  from Theorem 12, MTLF(L) C CyF(L). We show that
MTLF (L) # C F(L). We consider the residuated lattice L = {0,a,b,c,d,1}
from Ezample 3. L has Cy property. From Corollary 2, F = {1} is a Cy
filter but it is not an MTL filter since (b —c¢)V (c—=b)=dVd=d¢F.

Proposition 7. In any residuated lattice L, every MTL filter of L is a Cx
filter of L, i.e.,
MTLF(L) & C,F(L).

Proof. Suppose that FF € MTLF(L). Then L/F is an MTL algebra so L/F
has Cx property (see [10], Proposition 3.2.5) and finally F' € CAF(L).
Obviously, CAF(L) # MTLF(L). Indeed, if we consider the residuated
lattice L = {0,a, b, ¢,d, 1} from Example 3 which has C, property, then F' =
{1} is a C, but is not an MTL filter, see Remark 8. O

Proposition 8. In any residuated lattice L, every divisible filter of L is a C_,
filter of L, i.e.,
DivF(L) & CLF(L).

Proof. Suppose that F' € DivF(L). Then L/F is a divisible residuated lattice
so L/F has C_, property (see [10], Proposition 3.2.3) and finally F' € C_,F(L).

Obviously, C_,F(L) # DivF(L). Indeed, if we consider the residuated lat-
tice L = {0,a,b,¢,d,1} from Example by Remark 7, then F' = {1} is a C_,
filter but it is not a divisible filter since (bAc) = [bO (b — )] =a — (bOc) =
a—s0=d¢F. O

Proposition 9. In any residuated lattice L, every divisible filter of L is a Cx
filter of L, i.e.,
DivF(L) & C,F(L).

Proof. Suppose that F' € DivF(L). Then L/F' is a divisible residuated lattice
so L/F has C, property (see [10], Proposition 3.2.4) and finally F' € CAF(L).
Obviously, CAF(L) # DivF(L). Indeed, if we consider the residuated lattice
L ={0,a,b,¢c,d,1} from Example 3 which has C, property, then F = {1} is
a C, filter but it is not a divisible filter since (bAd) = [d® (d = b)] =b —
dod =b—sa=d¢F. O
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Corollary 4. In any residuated lattice L,
BLF(L) = DivF(L) n C,F(L).

Proof. Since BLF(L) = MTLF(L) N DivF(L) (see [5]) and
MTLF(L) € C,F(L) we deduce that BLF(L) C C,F(L) N DivF(L). Con-
versely, let F' € DivF(L) N CyF(L). Since DivF(L) C C_F(L) we deduce
that F € CL,F(L)NCyF(L) = MTLF(L). Thus,

F € MTLF(L)NDivF (L) = BLF(L).
O

Definition 12. A filter F of a residuated lattice L is called Cpg—, filter if
L/F is a residuated lattice with Crg—, property.

We denote by CngF(L) the set of all Chg—, filters of L.

Theorem 13. In any residuated lattice L,
Chr & »F(L)=C_F(L)NC,F(L).

Proof. F ¢ CLF(L)NC,F(L)iff L/F is aresiduated lattice with C_, and C,
properties iff L/F has C g —, property (see Theorem 1) iff F' € C, ¢ - F(L).
O

From Theorems 7, 11, Corollary 1 and Corollary 3 we deduce that:

Corollary 5. A residuated lattice L has Chg—, property if and only if any
filter of L is a Crg— filter if and only if {1} is a Crg— filter of L.

Corollary 6. In any residuated lattice L,

MTLF (L) UDivF(L) C C F(L).

AN& —
Proof. From Remark 7, Propositions 7, 8, 9 and Theorem 13. O
Corollary 7. Let L be an MTL algebra. Then

MTLF(L) U DivF(L) = C F(L).

N & —
Proof. Since L is an MTL algebra, every filter of L is an MTL filter and a
Ch &  filter (because, (prel) = (C-,) and (Cr)), so, MTLF(L) U DivF(L) =
F(L) UDivF(L) = F(L) and C, ¢ F(L) = F(L).

We obtain that MTLF(L) UDivF(L) = C, . _F(L). O

AN &E —
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Corollary 8. Let L be a divisible residuated lattice. Then

MTLF(L)uUDivF(L)=C, .,  F(L).
Proof. Since L is divisible, every filter of L is divisible and a C, g _, filter
(because, (div) = (C-,) and (Ch)), so,

MTLF (L) U DivF(L) =MTLF(L) U F(L) = F(L)

and C, ¢ F(L) = F(L). We obtain that MTLF (L) U DivF(L) = C, ., _ F(L).
O

5 Conclusion and future work

n [10], A. Torgulescu presents new properties, obtained by decomposing the
old properties (prel) and (div), and studies the new algebras obtained by
adding these new properties to residuated lattices. Filters play an important
role in studying algebraic structures. So, in this paper, we have added new
classes of filters (C_,,C\y,Cn and Cp g —, filters) to the old classes of filters
in residuated lattices (MTL filters and divisible filters). In this way, we refine
the relations between different classes of filters and study the decompositions
of MTL filters, BL filters and C¢ . filters in residuated lattices.

The connections between these filters are resumed in the following Figures:

Theorem 12
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X

Theorem 12 + Proposition 8 + Corollary 4

Theorem 13 + Corollary 6

In our future work, we are going to consider other new decompositions of
filters in residuated lattices.
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