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Abstract In this paper, we introduce the notion of a generalized state derivation D on a state residuated
lattices, determined by a derivation d and a state operator 7. Also, we discuss some related properties of
isotone (resp. strong) generalized derivations and give some characterization of (good) ideal generalized
derivations. Moreover, we obtain that the fixed point set of ideal generalized derivations in a Heyting
algebra is a residuated lattice.

1 Introduction

States on MV-algebras were introduced by Mundici [17] with the intent of measuring the average truth-
value of propositions in Lukasiewicz logic, which is a generalization of probability measures on Boolean
algebras. From then on, the notion of states has been deeply investigated in other logical algebras and many
profound results have been achieved, Such as BL-algebras, MTL-algebras, and residuated lattices [12].

The notion of derivation is a very interesting and important area of research, also helpful for studying
structures and properties in algebraic systems. In 1957, Posner [15] introduced the notion of derivation in a
prim ring (R, +, .). In 2004, Jun and Xin [10] applied the notion of derivations to BCI-algebras. In 2005,
Zhan and Liu [20] introduced the notion of f-derivation of BCI-algebras. In 2008, Xin et al. [23] proposed
the concept of a derivation on a lattice (L, A, V). In the same year, Ceven and Ozturk [24] introduced
the notion of an f-derivation on a lattice. In 2016, He et al. [7] introduced the concept of derivation in a
residuated lattice, and they characterized some special types of residuated lattices in terms of derivations.
In 2018, Rachunek and Salunova [19] introduced the concept of derivations and a complete description of
all derivations on a non-commutative generalization of MV-algebras. In the same year, Liang et al. [13]
presented the notions of derivations on EQ-algebras and obtained many special types of them. In addi-
tion, Wang et al. [26] introduced the notion of derivations of commutative multiplicative semilattices, they
investigated the related properties of some special derivations and gave some characterizations. In 2019,
Wang et al. [27] gave some representations of MV-algebras in terms of derivations. Rasheed and Majeed
[18] studied some results of (c, 3)-derivations on prime seeding. Dey et al. [5] considered generalized
orthogonal derivations of semiprimary rings. Ciungu [4] studied the properties of implicit derivations in
pseudo-BClI-algebras. Chaudhuri [3] discussed (o, 7)-derivations of group rings. In 2020, Guven [6] pro-
posed the notion of (o, 7)-derivations generalized on rings and discussed some related aspects. Hosseini
and Fosner [9] studied the image of left Jordan derivations on algebras. Ali and Rahaman [1] studied a pair
of generalized derivations in rings. Zhu et al. [21] introduced the notion of a generalized derivation and
investigated some related properties of them. In 2021, Ling and Zhu [14] proposed a generalization of a
derivation in a residuated lattice and some related properties were investigated.

This paper aims to combine derivations, state operators, and residuated lattices. The notion of gen-
eralized derivation on a state residuated lattices D from L to L is introduced, determined by a deriva-
tion d and state operator 7. More precisely, for any x,y € L, we propose the following formula:
Dz ®vy) = (D(z) ® 7(y)) V (1(z) ® d(y)). Meanwhile, we discuss and investigate some related
properties.

This paper is organized as follows. In section 2, we recall some concepts and results on residuated
lattices, state operators, and derivations. In section 3, we propose the notion of generalized derivation on
a state residuated lattices (L, 7) and investigate some related properties of isotone, strong, ideal, and good
ideal generalized derivations. Also, we define the notion of fixed point. In particular, we obtain that the
fixed point set in a Heyting algebra is still a residuated lattice.

2 Preliminaries

We assume that the reader is familiar with the classical results concerning residuated lattices, but to make
this work more self-contained, we briefly introduce some basic notions used in the rest of the work.

Definition 2.1. [25] An algebraic structure (L, A, V, ®, —, 0, 1) of type (2, 2,2, 2,0, 0) is called a bounded
commutative residuated lattice (simply called a residuated lattice) if:
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(i) (L,A,V,0,1) is a bounded lattice;
(ii) (L, ®,1) is a monoid with unit element 1;

(iii) Forallz,y,z € L,x ® y < zifandonlyifz <y — z.

We denote by L a residuated lattice (L, A, V, ®, —, 0, 1).
For any z € L and a natural number n, we define ac/ = = — 0, which is a negation in a sense.

" NG

z =(x),2°=1,2" =z" " ' @z foralln > I.

Proposition 2.2. [25] For all x,y, z,w € L, we have:

(i)l wz=x,z—=>1=1;

(ii) x <yifandonlyifr —y=1;

(iii) Ife <y thenz >z <z—-yandy >z < — 2;
(iv) Ift <yandz < wthenz ® z < y Q w;

(v) x®y§x/\y,x®$/:0;

i) 0 =11 =02<z";

(vii) :c®y:0ifand0nlyifx§yl;

iii) 2@ (yVz)=(xQy) V(xR =z)

(ix) 2= (y—=2)=@Qy) > z=y— (z— 2).

The notion of a state BL-algebra was introduced by Ciungu. In 2015, as a generalization of the notion
of a state BL-algebra, He et al. [8] introduced the notion of a state residuated lattice as follows.

Definition 2.3. [8] A mapping: 7 : L — L is called a state operator on L if it satisfies the following
conditions, for all z,y, z € L,

@ 7(0) =0;
(i) z — y = 1implies 7(z) = 7(y) = 1;

(i) 7(x = y) =7(x) = T(TAY);
(iv) T®y)=7@@)@7(z = (z®y)):
W) 1(r(x) @ 7(y)) = 7(x) @ T(y);
i) 7(7(x) = 7(y)) = 7(x) = 7(y):
(vii) 7(r(z) V7(y)) = 7(2) V 7(y);
iil) 7(7(z) AT(y)) = 7(x) A T(Y).

In what follows, we denote by (L, ) a state residuated lattice.

Example 2.4. [8] Let L = [0, 1] be a reel unit interval. For all z,y € L, we define + ® y = min{z,y}
and
I, =<y,

T —y= .
Y {y, otherwise.

Then (L, min, max, ®, —>,0, 1) becomes a residuated lattice, which is called Godel structure. Now,
for any a € L, we define a map 7, on L as follows:

z, z<a,
Ta(z) = {

1, otherwise.
One can check that 74 is a state operator on L. Therefore, (L, 7, ) is a state residuated lattice.
Next, we present some properties of state operators on residuated lattices.

Proposition 2.5. [8] Let (L, T) be a state residuated lattice. Then, for all x,y,z € L, the following
properties hold.

(i) T()=1,7@") =), 7(r(z)) = 7(2);
(ii) Ifz <y, then T(z) < 7(y);

Definition 2.6. A mapping f : L — L is called a homomorphism if it satisfies the following conditions:
M f(1) =1 f(0)=0;
(i) f(zxy) = f(z)* f(y),forallz,y € Land *x € {A,V,®, —}.

Next, we recall a class of residuated lattices, which are Heyting algebras.

Definition 2.7. [2] A lattice (L, V, A) is called to be a Heyting algebra if for any =,y € L, there exists
xz —y € Lsuchthatz <z — yifandonlyifz Aax < yforallz € L.

We have the following characterization for Heyting algebras.
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Theorem 2.8. [16] Let (L,V, A\, ®,0, 1) be a residuated lattice. Then, the following statements are equiv-
alent:

(i) L is a Heyting algebra;
(i) zQ@y=zNy=2Q (r = y) forall z,y € L.

An element z € L is called complemented if there exists an element y € L such that x A y = 0 and
z Vy = 1. By B(L), we mean the set of all complemented elements of L, i.e.,

B(L)={z€L:3yeLl,zAy=0,zVy=1}

Proposition 2.9. [ 1] For a residuated lattice L we have
(i) = € B(L) ifand only if x V g =1
(ii) Ifv € B(L), thenx ANy =x Q y forally € L;
(iii) Ifx € B(L), thenx ® x = .

At the end of this section, we give the notion of derivation in a residuated lattice L as follows.

Definition 2.10. [7] A mapping d: L — L is called a multiplicative derivation on L if it satisfies the
following conditions: for any x,y € L,

d(z®y) = (d(z) ®y) V (z ® d(y))-

3 Generalized derivations of a state Residuated Lattices

In this section, we give the notion of generalized derivations on state Residuated Lattices (L, 7). then, we
study some properties of those generalized derivations.

Definition 3.1. Let (L, 7) be a state residuated lattice and d : L — L a derivations on L. A mapping D:
L — L is called a generalized derivation determined by d if

D(z®y) = (D) @7(y) V(r(z) ® d(y))
forany x,y € L.

Now, we present some examples for generalized derivations on state residuated lattice (L, 7).

Example 3.2. Let (L, 7) be a state residuated lattice and d a zero derivation. Define amap D : L — L
by D(z) = Oforallz € L, then D is a generalized derivation on (L, ), which is called a zero generalized
derivation.

Moreover, we defineamap D : L — Lby D(z) = forallz € L, 7: L — L by 7(x) = « for
all z € L and d an identity derivation on L. Then D is a generalized derivation on (L, 7), which is called
an identity generalized derivation on (L, 7).

If D(z) = d(x) for all z € L, and 7 a state operator on L. Then, D is a generalized derivation on
(L, 7).

Example 3.3. Let L = {0, a, b, 1} be a chain and the operations ®, — be defined as follows:

® 0| a|b]|l — | 0]a|b|1

0]0]0]0]O 0 1|1 |1]1

a |0|0]a]|a a a | 1|11

b|O0]a]|b|b b 0] a]l 1

1 0|la|b]| 1l 1 0|la|b]| 1l
Then it is easy to verify that L = {0, a, b, 1} is a residuated lattice, where z A y = min{z, y} and

zVy=mazx{x,y}.
We define a mapping 7 : L — L as follows: forallz € L,

0, =0,
T(z)=<a, z=a,
1, z=bl.

It is easy to see that (L, 7) is a state residuated lattice. Moreover, we define a mapping d : L — L as
follows: for all x € L,
0, z=0,a
d — k) ) ’
() {a, xr=>b,1.

One can check that d is a derivation of L. Based on d, we define a mapping D : L — L as follows:
forallz € L,

0, z=z=0,
D(z)=<a, z=a,
1, x=b,l.

We can see that D is a generalized state derivation on (L, 7).
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Now, we show some properties of generalized derivation on state residuated lattices (L, 7).

Proposition 3.4. Let D be a generalized derivation on (L, T) determined by a derivation d, then the fol-
lowing statements hold:

(i) D(0) = 0;

(i) D(1) @ 7(x) < D(x) and d(z) < D(x) forallz € L;
(iii) d(1) ® 7(z) < D(x) forall x € L;

(iv) D(z) < T(x)” and d(xl) < T({L‘,) < (D(:L"))lfor allx € L;

(v) D(z)®@(z"" 1) < D(z™) and 7(x)" "' @ d(z) < D(a") forallz € L, n > 1;
i) ife < y', then D(x) < T(y)’ and d(y) < T(a:)/forall z,y € L.

Proof. (1) Tt follows from definition that D(0) = d(0 ® 0) = (D(0) ® 7(0)) V (7(0) ® d(0)) =
0®0)V(0®0)=(0®0)=0,ie D)= 0.
(2) Letz € L. Then D(z) = D(1 ®w) D(1)@7(z))V(r(1)@d(z)) = (D(1) @ 7(z)) Vd(z).

Hence, D(1) ® 7(z) < D(x) and d(z ) x()
(3)Letz € L. Then D(z) = D(z ® ) (D(z)®@7(1)) V(T(z)®d(1)) = D(x) V (1(x) ®d(1)).
Hence, d(1) ® 7(z) < D(z).

(4)Letz € L. Sincez ® « = 0. Then,
D(0)=D(x®z)

= (D(z) @ 7(2)) V ((z) @ d(z))
=0,

Whi(/:h implief D(z) ® T(IQE/) = D(z) ® T((E)/ = 0and 7(z) ® d(z/) = 0, then D(z) < T((E)” and
dz) < 7(x) < (D(z)) .

(5) Tt follows from Definition 3.1 that D(z?) = D(z ® x) (z)) V (t(z) ® d(x)) for
all z € L, which implies D(z) ® 7(z) < D(z?) and T(z) ® 2 y induction, we can
obtain D(z) @ 7(z™~ ') < D(z™) and 7(z) ® d(z""!) = 7(z) ® (=" ?) @ d(x ) < D(z™). Since
T(x)" "2 < 7(x" %) we have 7(2)" ! @ d(z) < D(z™) foralln > 1.

(6)Letz,y € Landz < y . Then, z®y = 0. Thus, D(z®y) = (D(x)@T( NV (T(z)Rd(y)) =
which implies D(z) ® 7(y) = 0 and 7(x) ® d(y) = 0. Therefore, D(z) < T(y) and d(y) < (a:)/. O

lju<

In what follows, we introduce ideal generalized derivations in a state residuated lattice and investigate
some related properties of them.

Definition 3.5. Let (L, 7) be a state residuated lattice and D be a generalized derivation on (L, 7).

(i) D is called an isotone generalized derivation provided that x < y implies D(z) < D(y) for all
z,y € L;

(ii) D is called a strong generalized derivation provided that D(z) <

7(z) forall z € L.
In particular, if D is both isotone and strong, we call D an ideal generalized derivation on (L, 7).

Example 3.6. Let L and 7 in the example Defined in example 3.3, and a derivation d : L — L by
d(x) = oforallz € L. Let k € L. We define a mapping D : L — L by d(z) = k ® 7(x) for all
z € L. We can check that D is an ideal generalized derivation on (L, 7).

Proposition 3.7. Let D be a generalized derivation on (L, 7). If D is strong and 7(z) < x forall x € L,
then d is contractive (i.e, d(x) < x forall v € L).

Proof. We know that d(z) < D(z) forall z € L. Since D is strong (i.e., D(z) < 7(x) forall z € L), it
holds that d(z) < 7(x) < x for all x € L. Thus, d is contractive. O

Proposition 3.8. Let D be a generalized derivation on (L, T). If d is isotone, then D is isotone.

Proof. Assume that d is isotone and let z,y € L such that z < y, then d(z) < d(y) and 7(z) < 7(y).
Thus, D(z) = (D(1) ® 7(z)) Vd(z) < (D(1) ® 7(y)) V d(y) = d(y). Consequently, D is isotone. [I

Proposition 3.9. Let D be an isotone generalized derivation on (L, T). Then the following statements hold.:
(i) Ifz <z — vy, then7(z) < D(x) — D(y) and 7(z) < d(z) = D(y) forall z,y,z € L;
(ii) 7(x = y) < D(x) = D(y) and d(x — y) < 7(x) = D(y) forallz,y € L;
(iii) 7(x) < d(y) = D(z) forall x,y € L.

Proof. (1) Letx,y,z € Landz < z — y. Thenz ® z <
derivation on (L, 7), we have (D(z) ® T(z)) V(1(z) @ d(2)) <
7(z) ® d(z) < D(y). Therefore 7(z) < D(z) — D(y) and 7(z) < d(2) — D(y).

(2) S1nce:r®(a: —y) < y,wehave D(z® (z — y)) < D(y). It follows that (D(z) ®7(z — y))V
(T(z)@d(z — y)) < D(y ) which implies D(z) ® 7(x — y) < D(y) and 7(z) @ d(z — y) < D(y),
Therefore 7(z — y) < D(xz) — D(y) and d(z — y) < 7(z) — D(y) forall z,y € L.

(3) Sincez @ y < z forall z,y € L, we have D(z ® y) < D a:) It follows that (D(z) ® 7(y)) V
(t7(z) ® d(y)) < D(z). Thus, 7(z) ® d(y) < D(zx). Therefore, 7(z) < d(y) — D(z). [}

y. Since D is an isotone generalized
D(y), then D(z) ® 7(z) < D(y) and
<
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Proposition 3.10. Let D be a strong generalized derivation on (L, ). Then the following statements hold:
(i) D(x)®d(y) < D(x®y) < D(x)V D(y) forall z,y € L;
(i) D(1) = 1ifand only if D(z) = 7(z) for all x € L.

Proof. (1) Letz,y € L. Since D is a strong generalized derivation on (L, 7), we have D(z) ® d(y) <
7(z) @d(y) and D(z) @ d(y) < D(x) ® D(y) < D(x) @ 7(y). Then, D(z) @ d(y) < (D(z)®@7(y))V
(7(z) ® d(y)) = D(x ® y). On the other hand, since D(z) ® 'r( ) D(z)and 7(z) @ d(y) < d(y) <
D(y), we have D(z ® y) < D(z) V D(y). Therefore, D(z) ) D(z®y) < D(z)V D(y).

(2) Let z € L. From proposition 3.4, we have D(1) ® 7—( ) < D(z) forall z € L, then 7(z) =
D(1)®7(z) < D(x) < 7(x). Therefore, D(xz) = 7(z) forall z € L. On the other hand, if D(z) = 7(x
forallz € L, then D(1) = 7(1) = 1. O

Proposition 3.11. Let D be an ideal generalized derivation on (L, T), then: d(z — y) < D(z) —
D(y)) < D(z) — 7(y) forallz,y € L.

Proof. Letx,y € L. Since z ® (z — y) < y and D is isotone, we have D(z ® (z — y)) < D(y), and
from statement (1) of proposition 3.10, we have D(z) ® d(z — y) < D(x ® (z — y)), which implies
D(z) ® d(x — y) < D(y), then d(z — y) < D(z) — D(y). On the other hand, since D is strong, we
have D(y) < 7(y), then D(z) — D(y) < D(x) — 7(y). Therefore, d(z — y) < D(z) — D(y)) <
D(z) — 7(y). O

Theorem 3.12. Let D be a generalized derivation on (L, T). Then the following statements hold:
(i) If D(z) — D(y) = D(z) — 7(y), forall x,y € L, then D is an ideal generalized derivation on
(L, 7);

(ii) The converse holds if we assume that D(1) = 1.

Proof. (1) Assume that D(z) — D(y) = D(z) — 7(y) forall z,y € L. Since D(z) ® 1 < D(z),
we have 1 < D(z) — D(z) = D(z) — 7(z), then D(z) = D(z) ® 1 < 7(z) for all z € L, which
implies D is strong. Moreover, for all z,y € L, let z < g, we have 7(z) < 7(y). Thus, D( 1®1 <
D(z) < 7(z) < 7(y), ie., D(z) ® 1 < 7(y), which implies 1 < D(z) — 7(y) = D(z) — D(y), that
is, D(z) < D(y). Hence, D is isotone. Therefore, D is an ideal generalized derivation on (L, 7).

(2) Letz,y € L and D be an ideal generalized derivation on (L, 7). Since D(y) < 7(y), it holds that
D(z) — D(y) < D(z) — 7(y). On the other hand, if D(1) = 1 then, 7(y) = D(1) ® 7(y) < D(y),
which implies that D(z) — 7(y) < D(xz) — D(y). Therefore, we obtain D(x) — D(y) = D(z) —
7(y), forallz,y € L. O

Theorem 3.13. Ler (L, ) be a state-morphism residuated lattice and D be a strong generalized derivation
on (L, 7). If D(1) € B(L), then the following statements are equivalent: for all x,y € L,

(i) D is an ideal generalized derivation on (L, T);

(ii) D(x

A A D(y);
\% V D(y);
®y) = D(z) ® D(y).
= L.

Proof. (1) = (2) Letx € L. Since = < 1, and D is isotone, then D(x) < D(1).
(2) = (3) Suppose that D(z) < D(1) for all z € L. Notice that D(l) B(L), we obtain D(x ) =
D(1) AD(z) = D(1) ® D(z) < D(1) ® 7(z). On the other hand, since D(1) ® 7(z) < D(x).
obtain, D(z) = D(1) @ 7(x) forallz € L.
(3) = (4)Let D(z) = D(1) ® 7(z) forall z € L. Then, for all z,y € L, it holds that
Dz ANy)=D(1)®@T1(xAy)
D) Ar(zAy)
D(1) A (r(z) AT(y))
= (D) A7) A (D(1) AT(y))
= (D) @7(x) A (D(1) ®7(y))
= D(z) A D(y).
(4 ) (1) Assume that z < y, then, A y = x. An consequence of (4) is that D(z) = D(z A y) =
A D(y), which implies D(z) < D(y) for all z,y € L. Thus, D is an ideal generalized derivation
L,
On ( ()) For all z,y € L, it follows from (3) that
D(zVvy)=D(1)®
me (
1
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(5) = (1) Let z,y € L such that z < y. It follows from (5) that D(y) = D(z V y) = D(z) V D(y).
Then we conclude that D(xz) < D(y) for all x,y € L. Therefore, D is an ideal generalized derivation on
(L, 7).
(3) = (6) Forall z,y € L, it follows from (3) that
D(z@y)=D(1)®@7(z®y)
=D() @ (r(z) @ 7(y))
= (D) @7(z) @ (D(1) ©7(y))
= D(z) ® D(y)

(6) = (2) Letx € L. Then it holds that

Thus, D(z) < D(1) forallz € L. O

An ideal generalized derivation is said to be good if D(1) € B(L).

Proposition 3.14. Let D be a good ideal generalized derivation on (L, T), then:
D(z) = 7(x) ® D(1) forall x € L.

Proof. Let x € L. We have 7(z) ® D(1) < D(x). On the other hand, since D(z) < D(1) and
D(z) < 7(z), we have D(z) < D(1) A 7(z) = D(1) ® 7(x), which implies D(z) = 7(z) ® D(1).
O

Let (L, T) be a state-morphism residuated lattice and a € L. We define amap D, : L —> L as
follows: Dg(z) = a ® 7(x) for all z € L, determined by a state derivation dq () = a ® 7(z) for all
z € L[22].

Proposition 3.15. Let (L, T) be a state-morphism residuated lattice and a € L. Then the map D is an
ideal generalized derivation on (L, T), which is called a principal ideal generalized derivation.

Proof. Letx,y € L, then

Da(z®y)=a®1(zQy)
=(@@7(z®y)V(e@T(z@y))
=(@@7(@)@7(y)V(e®7(z) ®7(y))

= (Da(z) @ 7(y)) V (7(2) @ da(y))-

Then, D, is a generalized derivation.

Forall z,y € L,letx <y, we have 7(z) < 7(y). Thus, Do (z) = a ® T(x) <a®7(y) = Da(y),
that is D, is isotone. Moreover, since a < 1, we have Dy (z) = a ® 7(z) < 7(z) for all z € L, which
implies that Dy, is strong. Therefore, D, is an ideal generalized derivation on (L, 7). O

Next, we discuss the structures and properties of the fixed point set of ideal generalized derivation.
Firstly, we give the concept of the fixed point set of a generalized derivation in a state residuated lattice
(L, T) as follows.

Definition 3.16. Let D be an ideal generalized derivation on (L, 7). Define a set Fizp(L) = {x € L :
D(z) = z}. Fizp(L) is called the set of fixed elements of L for D.

Now, we investigate some operations of Fizp(L).

Proposition 3.17. Let D be an ideal generalized derivation on (L, T) and T7(x) < x for all x € L. Then
we have:
forallz,y € Fizp(L): ®vy, xVy € Fizp(L).

Proof. Let z,y € Fizp(L), we have D(z) = z and D(y) = y. Then, z @ y = D(z) ® D(y) <
D(z) ® 7(y) < D(x ® y). On the other hand, since D is an ideal generalized derivation on (L, ), we
have D(z @ y) < 7(z ® y) <  ® y, which implies D(z ® y) = z ® y. Therefore, t ® y € Fizp(L).
Moreover, since D is an ideal generalized derivation on (L, 7), we have x V y = D(z) V D(y) <
D(zVy) < m(xzVy) < zVy, then we have D(zVy) = xVy, which implies thatzVy € Fizp(L). O

Theorem 3.18. Ler L be a Heyting algebra, D an ideal generalized derivation on (L, T) and 7(z) < x for
all z € L. Then (Fizp(L),A,V,®,+—>,0,1) is a residuated lattice, where x +— y = D(x — vy)
and 1= D(1) forall z,y € L.
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Proof. We complete the proof by three steps. _

1. First, we show that (Fizp (L), A, V,®,—>,0, 1) is a bounded lattice with 0 as the smallest ele-
ment and 1 as the greatest element. From Proposition 3.17 and Theorem 2.8, we have Fizp (L) is closed
under V and A. Therefore, (Fizp(L), A, V) is alattice. Let z € Fizp(L), we have, x A 0 = 0 and

2V D(1) = D(z) v D(1)
=D(z V1)
— D(1).

Therefore, 0 the smallest element and 1 = D(1) is the greatest element in Fiz p (L).

2. Next,we prove that (Fiizp(L), ®, 1) is a commutative monoid with 1 = D(1) as neutral element.
It follows from Proposition 3.17 that (Fizp (L), ®) is closed under ®, and easy to show that it satisfies
associative laws. Thus, (Fizp(L), ®) is a commutative semigroup. Let z € Fizp (L),

z® 1= D(z)® D(1)
=D(z®1)
= D(x)

z,

which implies T = D(1) is a neutral element.
3. Finally, we show thatz ® y < zifandonly if y < z +— z forall z,y € Fizp(L). We have for
allz,y,z € Fixp(L)

rRQy<lzeoy<zr—z
< D(y) < D(z — 2)
S Dy)<ax—z

Sy<lc—z.

Therefore, (Fizp(L), A, V,®,—>,0,1) is a residuated lattice. O
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