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A BINARY OPERATION-BASED REPRESENTATION
OF A LATTICE

MOURAD YETTOU, ABDELAZIZ AMROUNE AND LEMNAOUAR ZEDAM

In this paper, we study and characterize some properties of a given binary operation on
a lattice. More specifically, we show necessary and sufficient conditions under which a binary
operation on a lattice coincides with its meet (resp. its join) operation. Importantly, we con-
struct two new posets based on a given binary operation on a lattice and investigate some cases
that these two posets have a lattice structure. Moreover, we provide some representations of
a given lattice based on these new constructed lattices.
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1. INTRODUCTION

Binary operations are among the oldest fundamental concepts in algebraic structures.
A binary operation on a non-empty set X is any function from the Cartesian product
X x X into X. Since their introduction, they have become the key notion in the defi-
nitions of groups, monoids, semigroups, rings, and in more algebraic structures studied
in abstract algebra [5 16 [I8] 26]. Binary operations have become essential tools in
lattice theory and its applications, several notions and properties, and the notion of the
lattice itself can be interpreted in terms of binary operations on it [7, 10} 1T} 20, 24} 25].
Furthermore, it is not surprising that binary operations with specific properties appear
in various theoretical and application fields. For instance, for aggregation functions (as
specific binary operations) on bounded lattices and their wide use in various fields of
applied sciences, including, computer and information sciences, economics, and social
sciences (see, e.g. [12 I3, 04} 15, 17, 21, 22]). Also, they play an important role (as
generalization of the basic connectives between fuzzy sets) in theories of fuzzy sets and
fuzzy logic [2].

The aim of the present paper is to study and characterize some important properties
of a binary operation on an arbitrary lattice (not necessarily bounded). More specifically,
we show necessary and sufficient conditions under which a given binary operation on a
lattice coincides with its meet (resp. its join) operation. These results generalize remark-
able results of Cooman and Kerre (Proposition 3.7, [6]), and of Mesiar and Komornikova

DOI: 10.14736 /kyb-2019-2-0252


http://doi.org/10.14736/kyb-2019-2-0252

A binary operation-based representation of a lattice 253

(Proposition 2, [22]) to any lattice. Furthermore, we construct two new posets based
on a binary operation on a lattice, and investigate some conditions under which these
two posets have a lattice structure. In some cases, we provide representations of a given
lattice in terms of these new constructed lattices.

In addition to the theoretical importance of the obtained results in lattice theory,
there exist many more reasons for addressing this study. For instance, several extensions
of the notion of a derivation on a lattice have been introduced based on the lattice meet
and join operations. This notion of derivation was first appeared on the ring structures,
and it has many applications (see, e.g. [1]). Later, Szédsz [28[29] has extended the notion
of derivation to a lattice structure, and Ferrari [9] has investigated some properties of this
notion and he has provided some interesting examples in particular classes of lattices.
After that, Xin et al. [30] have ameliorated the notion of derivation on a lattice by
reducing two required conditions to one condition based on the properties of the lattice
meet and join operations. We anticipate that these properties and characterizations
of binary operations on an arbitrary lattice are prerequisite to introduce the different
notions of (F,G)-derivation on a lattice as generalization of the notion of derivation
introduced by Xin et al. [30], where F and G are binary operations. Also, to avoid
making the precedent studies used the lattice meet and join operations.

The rest of the paper is organized as follows. In Section 2, we recall the necessary
basic concepts of binary operations and lattices. In Section 3, after recalling some
basic properties of binary operations on a lattice, we show necessary and sufficient
conditions under which a given binary operation coincides with the lattice meet (resp.
join) operation. In Section 4, we construct two new lattices based on a given binary
operation on a lattice. In Section 5, we provide some representations of a given lattice
in terms of the lattices constructed in Section 4. In order to provide deeper insights, we
also study the links between the different conditions of these representation theorems.
Finally, we present some conclusions and discuss future research in Section 6.

2. BASIC CONCEPTS
In this section, we recall some definitions and properties of binary operations and lattices
that will be needed throughout this paper.

2.1. Binary operations

A binary operation F on a nonempty set X is a function ' : X x X — X. The following
properties of binary operations are of interest in this paper:

(i) commutativity: F(z,y) = F(y,z), for any z,y € X;
(i) associativity: F(z, F(y,z)) = F(F(x,y),2), for any x,y,z € X;
An element e € X is called

(iii) a left-neutral (resp. right-neutral) element of F, if F(e,z) = x (resp. F(x,e) = z),
for any z € X;

(iv) a neutral element of F, if it is left- and right-neutral element, i.e., F(e,x) =
F(z,e) =z, for any z € X.
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For further details, we refer to [8], [16] (18] [19].

2.2. Lattices

In this subsection, we recall the notions of ordered sets and lattices. Further information
can be found in [4, [7, 25, 27].

An order relation < on a set X is a binary relation on X that is reflezive (i.e., z < z,
for any z € X), antisymmetric (i.e., x < y and y < « implies x = y, for any z,y € X)
and transitive (i.e., x < y and y < z imply = < z, for any x,y,z € X). A set X equipped
with an order relation < is called a partially ordered set (a poset, for short) and denoted
by (X, <).

Let (X, <) be a poset and A be a subset of X. An element z¢ € X is called a lower
bound of A if zy < x, for any x € A. xg is called the greatest lower bound (or the
infimum) of A if x¢ is a lower bound and m < ¢, for any lower bound m of A. Upper
bound and least upper bound (or supermum) are defined dually.

Let (X,<x) and (Y, <y) be two posets. A mapping ¢ from X into Y is called an
order isomorphism if it is surjuctive and satisfies

x <x y if and only if p(x) <y ¢(y), for any z,y € X .

A poset (L, <) is called a lattice if any two elements x and y have a greatest lower bound,
denoted x Ay and called the meet (infimum) of x and y, as well as a least upper bound,
denoted z V y and called the join (supremum) of x and y. A lattice can also be defined
as an algebraic structure: a set L equipped with two binary operations A and V that are
idempotent, commutative, associative and satisfy the absorption laws (z A (z Vy) = x
and z V (x Ay) = x, for any x,y € L). The order relation and the binary operations A
and V are then related as: z < yifandonlyif s Ay =z;x <y ifandonlyif x Vy = y.
Usually, the notation (L, <, A, V) is used.

A bounded lattice is a lattice (L, <, A, V) that additionally has a least element denoted
by 0 and a greatest element denoted by 1 satisfying 0 < x < 1 for any x € L. For
a bounded lattice the notation (L, <, A, V,0,1) is used.

Let (L,<,A,V) and (M, =, ~,—) be two lattices. A mapping ¢ from L into M is
called a A-homomorphism (resp. a VV-homomorphism), if it satisfies p(z A y) = p(x) ~
o(y) (resp. p(zVy) = p(z) — ¢(y)), for any z,y € L. A lattice homomorphism is both
A- and V-homomorphism. Also, a lattice isomorphism is a bijective lattice homomor-
phism.

The following proposition shows that an order isomorphism between to lattices is
equivalent to a lattice isomorphism.

Proposition 2.1. [7] Let L, M be two lattices and ¢ be a mapping from L into M.
The following statements are equivalent:

(i) ¢ is an order isomorphism;

(ii) ¢ is a lattice isomorphism.
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3. BINARY OPERATIONS ON A LATTICE
In this section, we study and characterize some properties of binary operations on a
lattice.

3.1. Properties of binary operations on a lattice

In this subsection, we present the properties of conjunctive, disjunctive, idempotent and
increasing binary operations on a lattice. Some of these properties are adopted from
those of aggregation functions on bounded lattices (see, e.g. [12} 15l 17, 22]).

Definition 3.1. A binary operation F' on a lattice (L, <, A, V) is called:
(i) idempotent, if F(x,z) = x, for any x € L;

(ii) conjunctive (resp. disjunctive), if F(x,y) < © Ay (resp. x Vy < F(x,y)), for any
z,y € L;

(iii) left-increasing (resp. right-increasing), if x < y, implies F(z,z) < F(y,z) (resp.
F(z,7) < F(z3)), for any 2,2 € L;

(iv) increasing, if x1 < xo and y1 < yo imply F(z1,y1) < F(x2,y2), for any x1,y1, z2,
Y2 € L.

We note that a binary operation F' on a lattice is increasing if and only if it is left-
and right-increasing. Also, if F' is commutative, then it holds that F' is left-increasing if
and only if F' is right-increasing.

Example 3.1. Let (L, <, A, V) be a lattice. The binary operations A and V are idem-
potent and increasing. Moreover, A is conjunctive and V is disjunctive.

Inspired by the notion of transpose of a binary aggregation function on the real
interval [0, 1] (see, e.g. [3]), the following definition extends this notion to any binary
operation on a lattice.

Definition 3.2. Let (L, <,A,V) be a lattice and F be a binary operation on L. The
binary operation F* defined as F*(z,y) = F(y, z), for any z,y € L, is called the transpose
of F.

The following proposition expresses the relationships between the properties of a bi-
nary operation and those of its transpose. The proof is straightforward.

Proposition 3.1. Let (L, <, A, V) be a lattice and F' be a binary operation on L. The
following equivalences hold:

(i) F is commutative if and only if F* = F;
(i) F is conjunctive if and only if F"* is conjunctive;

(iii) F is disjunctive if and only if F* is disjunctive;
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(iv) F is left-increasing if and only if F is right-increasing;
(v) F is increasing if and only if F? is increasing;

(vi) An element e € L is a left-neutral element of F' if and only if e is a right-neutral
element of F*;

(vii) An element e € L is a neutral element of F' if and only if e is a neutral element of
Ft.

3.2. Characterizations of some properties of binary operations on a lattice

In this subsection, we study and characterize some properties of a binary operation
on a lattice. More precisely, we give necessary and sufficient conditions that a binary
operation on a lattice coincides with its meet (resp. its join) operation. These charac-
terizations give us alternative conditions to those known for aggregation functions on
bounded lattices (see, e.g. [3| 6 22]).

Proposition 3.2. Let (L, <, A, V) be a lattice and F be a binary operation on L. Then
it holds that

(i) If F is increasing, idempotent and conjunctive, then F(z,y) Ao = F(zAa,yAa) =
F(zANa,y) = F(z,y Aa) for any z,y,a € L;

(ii) If F is increasing, idempotent and disjunctive, then F(z,y)Va = F(zVa,yVa) =
F(zxVa,y)=F(z,yVa) for any z,y,a € L.

Proof. Let z,y,a € L.

(i) We only prove that F(z,y) Ao = F(z A a,y A @), as the other equalities can be
proved similarly. Since F is increasing, it follows that F'(zA«a, yAa) < F(z,y). The
fact that F' is conjunctive implies that F(zAa,yAa) < a. Hence, F(zAa,yAa) is
a lower bound of {F(x,y), @}. On the other hand, let m € L another lower bound
of {F(x,y),a}, i.e., m < F(x,y) and m < «. Since F' is conjunctive, it follows
that m < z and m < y. Hence, m < x A a and m < y A a.. Since F is idempotent
and increasing, it holds that m = F(m,m) < F(x Aa,yAa). Thus, F(z Ao,y Aa)
is the greatest lower bound of {F(z,y),a}, i.e., F(z,y) h\a=F(z Ao,y A a).

(ii) The proof is analogous to that of (i).

O
The following lemma generalizes a remarkable result of Cooman and Kerre (Propo-
sition 3.7 in [6]) to an arbitrary lattice.

Lemma 3.1. Let (L, <, A, V) be a lattice. If an idempotent binary operation F on L is
increasing and conjunctive (resp. disjunctive), then F' can not be other than the meet
operation A (resp. the join operation V) of L.
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Proof. Suppose that F' is idempotent, increasing and conjunctive binary operation on
L. From Proposition [3.2]it follows that F(z,y) A(x Ay) =F(xzA(zAy),yA(zAy)) =
FlxANy,z ANy) = x Ay, for any z,y € L. Hence, (x ANy) < F(z,y), for any z,y € L.
Now, the fact that F' is conjunctive guarantees that F(z,y) = z Ay, for any z,y € L.
Thus, F = A.

In similar way, we prove that F' is the join operation V of L. 0

The following proposition shows an equivalent condition to both properties of increas-
ing and conjunctive binary operation on a lattice.

Proposition 3.3. Let (L, <, A, V) be a lattice and F' be a binary operation on L. If F'
is idempotent, then the following conditions are equivalent:

(i) F is increasing and conjunctive;

(ii) Flz,y) ha=F(x Aa,yNa) = F(x Aa,y) = F(z,y A ), for any z,y,a € L.

Proof. (i) = (#): The proof is directly from Proposition

(i) = (i): First, we prove that F is conjunctive. Let x,y € L, from (i) it follows
that F(z,y) Nz = F(z ANz,y) = F(z,y) and F(z,y) ANy = F(z,y Ay) = F(x,y).
Hence, F(x,y) < x and F(x,y) < y. Thus, F(z,y) < x Ay. Consequently, F is
conjunctive. Second, we prove that F is increasing. Let x,y,t,z € L such that z < y.
Since F' is idempotent, it follows that F(z,2) A F(y,z) = F(F(z,z) ANy, F(z,2) A z) =
F(F(x Ny, z),F(z,z AN z2)) = F(F(x,z2),F(z,z)) = F(z,z). Hence, F(x,z) < F(y, 2).
Thus, F' is left-increasing. Moreover, F(t,z) A F(t,y) = F(F(t,z) ANt,F(t,x) Ay) =
F(F(tNt,x),F(t,z ANy)) = F(F(t,z), F(t,z)) = F(t,x). This implies that F(¢t,z) <
F(t,y). Hence, F is right-increasing. Now, since F is left- and right-increasing, it holds
that F' is increasing. O

In the same line, we obtain the following proposition.

Proposition 3.4. Let (L, <, A, V) be a lattice and F' be a binary operation on L. If F
is idempotent, then the following conditions are equivalent:

(i) F is increasing and disjunctive;
(ii)) F(z,y)Va=F(zVa,yVa)=F(zVay) = F(z,yV a), for any x,y,« € L.

The following theorem shows a necessary and sufficient condition that a binary op-
eration on a lattice coincides with its meet (resp. its join) operation. We note that this
result generalizes the well known result that a binary operation F' on a bounded lattice is
an idempotent semi-norm (resp. semi-conorm) if and only if F' is the lattice meet (resp.
join) operation (see, Propositions 3.7 in [6] and 2 in [22]). Furthermore, it establishes a
simple criterion to check; if a binary operation on a given lattice coincides with its meet
(resp. its join) operation.

Theorem 3.1. Let (L, <, A,V) be a lattice and F be an idempotent binary operation
on L. Then it holds that
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(i) F is the meet operation A if and only if F((x,y)Aa = F(zAa,yAa) = F(zAa,y) =
F(z,y AN a), for any z,y,« € L;

(ii) F is the join operation V if and only if F'(z,y)Va = F(aVa,yVa) = F(zVa,y) =
F(z,yV a)), for any z,y,a € L.

Proof. The proof can be easily obtained from Lemma [3.1} Propositions [3.3] and
O

Next, we need the following remark.

Remark 3.1. In view of Lemma if a binary operation F on a lattice (L, <, A, V) is
idempotent, conjunctive (resp. disjunctive) and increasing, then F' = A (resp. F = V).
But, if F' is only left- or right-increasing, then F' is not necessarily the meet (resp. the
join) operation of L. Indeed, let (L = {0,1,2}, <) be the lattice given by the Hasse
diagram in Figure [1} and F, G be two binary operations on L defined by the following
tables:

F(z,y) | 0| 1]2 G(z,y) |0 1]2
0 000 0 01112
1 0|10 1 2112
2 0|1]2 2 21212

One can easily verify that the binary operation F is left-increasing, conjunctive and idem-
potent, but it is not the lattice meet operation A. Analogously, F? is right-increasing,
conjunctive and idempotent, but also it is not the meet operation A. Moreover, the
binary operation G (resp. G) is left-increasing (resp. right-increasing), disjunctive and
idempotent, but it is not the join operation V.

2

0

Fig. 1. The Hasse diagram of the lattice (L = {0, 1,2}, <).

4. LATTICE STRUCTURES CONSTRUCTED BY A BINARY OPERATION

In this section, we construct two posets based on a binary operation on a lattice. Fur-
thermore, we study some cases that these posets have lattice structures. These lattices
will turn out to be useful technical tools in the following section.
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4.1. Posets constructed by a binary operation on a lattice

Let (L, <, A, V) be a lattice and F' be a binary operation on L. For any a € L, we define
two specific F-based functions f, and f¢ from L into L as:

fa(x) = F(a,z) and f*(x) = F(z,a), for any x € L.

We denote by A% (L) to the set of f, functions and by A% (L) to the set of f® functions,
i.e.,

A% (L) = {fa |a € L} and A%(L) = {f* | a € L}.
The following proposition is immediate.

Proposition 4.1. Let (L, <, A, V) be a lattice and F' be a binary operation on L. If F
is commutative, then A% (L) = A% (L).

Remark 4.1. The converse of the above proposition does not hold in general. Indeed,
consider the lattice (L = {0, 1,2}, <) given by the Hasse diagram in Figure|l] Let F be
the binary operation on L defined by the following table:

F(z,y) |0 |12
0 111712
1 21111
2 11211

From the above table, one can see that fo = f', fi = f? and fo» = f°. Indeed,

z 0 1 2
fox) [ F(0,0)=1| F(0,1)=1 | F(0,2) =2
@) | F(0,1)=1] F(L,L1)=1 | F(2,1) =2
filz) | FA,0)=2 | F(1,1)=1 | F(1,2) =1
2z | F(0,2)=2 | F(1,2) =1 | F(2,2) =1
fz) | FR,00=1| F(2,1)=2 | F(2,2) =1
fz) [ F(0,00=1] F(1,00=2 | F(2,0) =1

Then A%(L) = A%(L). But, since F(0,1) = 1 # F(1,0) = 2, it holds that F is not
commutative.

Proposition 4.2. Let (L, <, A, V) be a lattice, F be a binary operation on L and «, 8 €
L. If F has a neutral element e € L and f, = f#, then a = 3.

Proof. Suppose that F has a neutral element e € L. Let o, 3 € L such that f, = f¥.
Then F(a,z) = F(x, ), for any « € L. Setting x = e, we obtain that « = f3. O

In view of Remark the following proposition states a sufficient condition that the
converse implication in Proposition [.1] holds.

Proposition 4.3. Let (L, <, A, V) be a lattice and F' be a binary operation on L. If F’
has a neutral element e € L and A% (L) = A%(L), then F is commutative.
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Proof. Suppose that F has a neutral element e € L and A% (L) = A%(L). Let o, 3 €
L, we will show that F' is commutative, i.e., F(a, 8) = F(, ). Since f, € A%(L) and
A%(L) = A%.(L), it follows that exists v € L such that f, = f7. From Proposition
it follows that & = . This implies that f, = f*. Hence, F(a, ) = fo(8) = f*(B8) =
F(B,a). Thus, F is commutative. O
The sets A%(L) and A% (L) equipped with the usual order of functions have poset
structures. We denote by <’ the usual order of functions defined on A% (L) as:

fo <b f5 if and only if f,(z) < fz(x), for any = € L.
In the same way, we denote by <" the usual order of functions defined on A% (L) as:
o< fPif and only if f*(x) < f°(x), for any z € L.

Remark 4.2. In general, the posets (A%(L), <) and (AL (L),<") are not necessarily
lattices. Indeed, consider the lattice (D(6), ], ged,lem) given by the Hasse diagram in
Figure [2| and F the binary operation on D(6) defined by the following table:

F(z,y) |112]3]6
1 3121312
2 211163
3 62|66
6 21366

The Hasse diagrams given in Figure [2{ show that (A%(D(6)),<*) and (A%(D(6)),<")

are not lattices.
6
f3 fe f3 16
! fi faf f?

D(6) AR (D(6)) Ar(D(6))

Fig. 2. The Hasse diagrams of the lattice (D(6), |, ged,lem), and the
posets (AL(D(6)), <*) and (A3(D(6)), <")

4.2. First lattice structure of the posets A% (L) and A%.(L)

In this subsection, we show some cases that the posets (A%(L), <) and (A%(L),<")
have a lattice structure. First, we prove the following key results.
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Proposition 4.4. Let (L, <, A, V) be a lattice and F be a binary operation on L. Then
it holds that

(i) If F is left-increasing and having a right-neutral element e € L, then for any
«, B € L, we obtain that

a < fif and only if f, < fs;

(ii) If F is right-increasing and having a left-neutral element e € L, then for any
«, B € L, we obtain that

a < B if and only if f* <" f8.

Proof.

(i) The fact that F' is left-increasing guarantees the first implication. Conversely, let
fa> f5 € A%(L) such that f, <’ fz. This implies that F(a,z) < F(8,z), for any
x € L. Using the fact that e is a right-neutral element of F' and setting = = e, it
follows that a = F(a,e) < F(8,¢e) = 8. Thus, a < .

(ii) Follows from Proposition and (i).

Proposition [£.4] leads to the following corollary.

Corollary 4.1. Let (L,<,A,V) be a lattice and F be a binary operation on L. If F
is increasing and having a neutral element e € L, then for any «, 8 € L, the following
statements are equivalent:

(i) <
(11) fa <Z fB;
(iii) f> <" fP.

In the following result, we provide sufficient conditions that the posets (A% (L), <*)
and (A% (L), <") have a lattice structure.

Theorem 4.1. Let (L, <, A, V) be a lattice and F be a binary operation on L. Then it
holds that

(i) If F is left-increasing and having a right-neutral element e € L, then (A% (L), <%)
is a lattice;

(i) If F is right-increasing and having a left-neutral element e € L, then (A% (L), <")
is a lattice.

Proof.
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(i) Let fa,fs € A%(L). Using Proposition we obtain that farg (resp. favp)
is the greatest lower bound (resp. the least upper bound) of f, and fz. Thus,
(A% (L), <) is a lattice.

(ii) Let f@, f# € A%(L). From Propositionand (i), we obtain that f"% and foV8
are respectively the greatest lower bound and the least upper bound of f® and f7.
Thus, (A%(L),<") is a lattice.

O

Next, we denote by (A%(L), <, A, V) the lattice structure associated to the poset

(A%(L),<b), where fo AY f5 = fanp and fo VE f5 = favp, for any fa, fz € A%(L). Also,
(A%(L),<",A", V") denote the lattice structure associated to the poset (A% (L),<"),
where f A" f8 = for8 and fo v fP = feVB for any fo, f% € A% (L).

In the following we give a counter example to show that the converse implications of
Theorem are not necessarily hold.

Example 4.1. Let (L = {0, 1,2}, <, min, max) be the lattice given by the Hasse dia-
gram in Figure [3|and F' be a binary operation on L defined by the following table:

Flz,y) [0 1]2
0 1102
1 0[0]0
2 202

From Figure [3] it follows that:

(i) (A%(L), < A V0 s a lattice, but F is not left-increasing and has not a right-
neutral element e € L;

(i) (AR(L),<",A",V") is a lattice, but F' is not right-increasing and has not a left-

neutral element e € L.

Remark 4.3. If (L,<,A,V,0,1) is a bounded lattice, then the lattices (A%(L), <’
AV fo, f1) and (A(L), <7, AT, V7, £, f1) are also bounded.
4.3. Second lattice structure of the posets A% (L) and A% (L)

In this subsection, we show other conditions on the binary operation F' that the posets
(A%(L),<%) and (A% (L), <) have a lattice structure. We start by proving the following
key results.

Proposition 4.5. Let (L, <, A, V) be a lattice and F be an idempotent and conjunctive
or disjunctive binary operation on L. Then it holds that:

(i) If F is left-increasing, then for any «, 8 € L, we obtain that

a < B if and only if f, <* fs;
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2 fa f2
1 fo f°
0 f f!

L Ar(L) #(L)

Fig. 3. The Hasse diagrams of the lattices
(L = {0,1,2}, <, min, max), (A% (L), <, A%, Vv¥) and
(AR(L), <", AT, V7).

(ii) If F is right-increasing, then for any «, 8 € L, we obtain that

a < fif and only if f& <" f7.

Proof.

(i) The proof of the direct implication is straightforward. For the converse implication,
let fa, fs € A%(L) such that f, <’ fs. Then F(a,z) < F(B,x), for any z €
L. Setting x = « (resp. x = ). Since F is idempotent and conjunctive (resp.
idempotent and disjunctive), it follows that o = F(a,«a) < F(B,a) < S (resp.
a< F(a,B) < F(B,8) = B). Thus, a < B.

(ii) Follows from Proposition and (i).

|

Similarly to Theorem [4.1] the following result shows other sufficient conditions under
which the posets (A% (L), <%) and (A%(L),<") have lattice structures.

Theorem 4.2. Let (L, <, A,V) be a lattice and F' be an idempotent and conjunctive
or disjunctive binary operation on L. Then it holds that

i) If F is left-increasing, then (A% (L), <% A%, V) is a lattice;
(i) g F
(i) If F is right-increasing, then (AL (L), <", A", V") is a lattice.
Proof.
(i) Let fa,fs € A%(L). From Proposition one can easily verify that forpg and

favp are respectively the greatest lower bound and the least upper bound of f,
and fg. Thus, (A% (L), <% A% VE) is a lattice.
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(ii) Let fo, % € A%(L). From Proposition and (i), it holds that f*? and foVv#@
are respectively the greatest lower bound and the least upper bound of f® and f7.
Thus, (A%(L),<",A", V") is a lattice.

O

Note that the converse implications of Theorem [£.2] do not necessarily hold, as can
be see the following example.

Example 4.2. Let (L = {0,1,2,3}, <, min, max) be the lattice given by the Hasse
diagram in Figure [4] Let F' and G be two idempotent binary operations on L such that
F is conjunctive and G is disjunctive, which are given by the following tables:

F(z,y) |0 |1]2]3 Gzr,y) |0 1|23
0 0[{0[|0]O0 0 01123
1 0)j]1]0]1 1 211133
2 01210 2 213123
3 011213 3 3131313

Figure 4| guarantees that (A% (L), < AL V) and (A% (L), <4 A8 VE) are lattices, but F
and G are not left- or right-increasing. Indeed, 1 < 2, but

(i) F(1,3) =1£ F(2,3) =0 and G(1,2) = 3 £ G(2,2) = 2;
(ii) F(1,1) =1 £ F(1,2) =0 and G(2,1) = 3 £ G(2,2) = 2.

fa g3
fz@ﬁ 92091
0
fo g0

L AL(L) Ag(L)

== W

Fig. 4. The Hasse diagrams of the lattices
(L ={0,1,2,3}, <, min, max), (A% (L), <% A% VvY) and
(AG(L), < A V).

5. REPRESENTATIONS OF A LATTICE BASED ON A BINARY OPERATION

In this section, we provide some representations of a given lattice in terms of a binary
operation defined on it.
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5.1. First representation of a lattice based on a binary operation

In this subsection, we provide a representation of a given lattice in terms of the lattice
structures constructed based on a binary operation on it. More precisely, based on
Theorem we show that any lattice (L, <, A,V) is isomorphic with its associated
lattices (A% (L), <, A% VE) and (AR (L), <", A", V7).

Theorem 5.1. Let (L, <, A, V) be a lattice and F' be a binary operation on L. Then it
holds that

(i) If F is left-increasing and having a right-neutral element e € L, then the lattices
(L, <, A, V) and (A% (L), <%, A% VE) are isomorphic;

(ii) If F is right-increasing and having a left-neutral element e € L, then the lattices
(L, <, A, V) and (A%(L), <", A", V") are isomorphic.
Proof.

(i) Theorem guarantees that (A% (L), <% A% V) is a lattice. Next, let ¢ be a
mapping from L into A% (L) such that ¢(a) = f,, for any a € L. Obvious that
@ is surjective. Moreover, since F' is left-increasing and having a right-neutral
element e € L, it follows from Proposition [4.4] that

a < f if and only if p(a) <* ¢(B), for any o, € L.

Hence, ¢ is an order isomorphism between these two lattices L and A%(L). Then
Proposition [2.1] guarantees that ¢ is a lattice isomorphism. Thus, the lattices
(L, <, A, V) and (A% (L), <%, A% VY are isomorphic.

(ii) Follows from Proposition and (i).
O

Remark 5.1. Note that Example [1.1] shows that the converse implications of Theo-
rem [5.1] do not necessarily hold.

In view of Theorem [5.1] we obtain the following result.

Theorem 5.2. Let (L,<,A,V) be a lattice and F' be a binary operation on L. If F
is increasing having a neutral element e € L, then the lattices (L, <, A, V), (A%(L), <!
AL V) and (A%(L), <™, AT, V") are isomorphic.

Example 5.1. Let (L = {0, 1,2}, <, min, max) be the lattice given by the Hasse dia-
gram in Figure [5|and F' be a binary operation on L defined by the following table:

F(z,y) |0 |12
0 0101
1 0|12
2 022

The above table guarantees that F' is increasing and has 1 as a neutral element, then from
Theorem it holds that the lattices (L = {0,1,2}, <, min, max), (A% (L), <4 A% V)
and (A% (L), <", A", V") are isomorphic. Figure [5|shows this isomorphism.
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2 f2 ?
1 fi f!
0 fo f°
L AL (L) Ag(L)

Fig. 5. The Hasse diagrams of the lattices
(L = {0,1,2}, <, min, max), (Ax(L), <, A%, V’) and
(Ar(L), <", A", V7).

5.2. Second representation of a lattice based on a binary operation

In this subsection, we provide a second representation theorem of a given lattice based
on the second lattice structures constructed based on a binary operation on it.

Theorem 5.3. Let (L, <,A,V) be a lattice and F' be an idempotent and conjunctive
or disjunctive binary operation on L. Then it holds that

(i) If F is left-increasing, then the lattices (L,<,A,V) and (A%(L), <% A%, V) are
isomorphic.

(i) If F is right-increasing, then the lattices (L, <, A,V) and (AR(L), <", A", V") are
isomorphic.
Proof.

(i) Theorem |.2| guarantees that (A% (L), <% A, V%) is a lattice. Let ¢ be a mapping
from L into A% (L) such that ¢(a) = f,, for any a € L. Then the surjectivity of
¢ is immediate. Moreover, from Proposition [£.5] we obtain that

o < B if and only if ¢(a) < ¢(B), for any o, € L.

Hence, ¢ is an order isomorphism between these two lattices. Then, Proposition[2.]
guarantees that ¢ is a lattice isomorphism. Therefore, the lattices (L, <, A, V) and
(A%(L), <", A", V") are isomorphic.

(ii) Follows from Proposition [3.1 and (i).

Theorem [5.3] leads to the following result.

Theorem 5.4. Let (L, <, A, V) be a lattice and F' be a binary operation on L. If F' is
the meet operation A or the join operation V of L, then the lattices (A% (L), <%, A%, V)
and (A%(L), <", A", V") are identical and isomorphic with (L, <, A, V).
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In the following, we illustrate two examples of Theorem [5.3] justifying the condition
of left-increasing (resp. right-increasing).

Example 5.2. Let (D(6), ], ged, lem) be the lattice given by the Hasse diagram in Fig-
ure[6] and F be a binary operation on D(6) defined by the following table:

F(z,y) |1 12|36
1 17111
2 11211
3 111131
6 11236

One easily verifies that F' is idempotent, conjunctive and left-increasing. Then from
Theorem we obtain the lattice (A%(D(6)), <’ Af,Vv¢) which is isomorphic with
(D(6),],gcd,lem). But, the poset (A% (D(6)),<") has not the structure of a lattice,
and then is not isomorphic with (D(6), |, ged,lem). The Hasse diagrams of the lattices
(D(6), |, gcd, lem), (A%(D(6)), <% A% VE) and the poset (A (D(6)),<") are shown in
Figure [6]

6 fe 2 f?
3 2 f3 f2
1 fi ft
D(6) A% (D(6)) Ar(D(6))

Fig. 6. The Hasse diagrams of the lattices (D(6), |, ged, lem),
(A%(D(6)), <, A%, V), and the poset (AR (D(6)),<").

Example 5.3. Let (D(12),], ged,lem) be the lattice given by the Hasse diagram in
Figure [7)and F be a binary operation on D(12) defined by the following table:

Flr,y) | 1 [ 2 [ 3] 4] 6 |12
1 T [4]6] 4 12]12
2 2 [2 [12] 4 [12]12
3 363|126 |12
1 44 [12]4 [12]12
6 6 | 6|6 |12]6 |12
12 121212121212
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One easily verifies that F' is idempotent, disjunctive and right-increasing. Then Theorem
[5.3|guarantees that the lattice (A% (D(12)), <", A", V") is isomorphic with (D(12), |, ged, lem).
But, the poset (A%(D(12)),<*) has not the structure of a lattice, and then is not iso-
morphic with (D(12), |, ged, lem). The Hasse diagrams of the lattices (D(12), |, ged, lem),
(A%(D(12)),<", A", V") and the poset (A%(D(12)), <*) are shown in Figure ﬂ

f12
. fiz
6 4 fﬁ f-l
fe fa
3 2 f3 fz
fs  f2 A
1 f!
D(12) AR(D(12)) Ar(D(12))

Fig. 7. The Hasse diagrams of the lattices (D(12), ], ged, lem),
(A%(D(12)),<", A", V"), and the poset (A%(D(12)), <b).

5.3. Links between the different conditions of the representation theorems
of a lattice based on a binary operation

In this subsection, we show the links between the different conditions of the above
representation theorems of a given lattice based on a binary operation on it. First, we
need to show the following sufficient condition for the uniqueness of a left-neutral (resp.
a right-neutral) element of a binary operation on a lattice.

Proposition 5.1. (Uniqueness) Let (L, <, A, V) be a lattice and F be a conjunctive
or a disjunctive binary operation on L. If F has a left-neutral (resp. a right-neutral)
element e € L, then e is unique.

Proof. Letej,es € L be two left-neutral (resp. two right-neutral) elements of F. Two
cases to consider.

(i) If F is conjunctive, then it holds that eo = F'(e1,e2) < e1 and e; = F(ea,e1) < ea
(resp. es = F(ea,e1) < ey and e; = F(e, es) < e3). Hence, e; = e5.

(ii) If F is disjunctive, the proof is analogous to that of (i).
O

Proposition 5.2. Let (L, <, A, V,0, 1) be a bounded lattice and F' be a binary operation
on L.
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(i) If F is conjunctive and has a left- or a right-neutral element e € L, then e = 1;

(ii) If F is disjunctive and has a left- or a right-neutral element e € L, then e = 0.

Proof.

(i) Suppose that F has a left-neutral (resp. a right-neutral) element e € L. Since F'
is conjunctive, it holds that 1 = F(e,1) < e (resp. 1 = F(1,e) < e). Hence, e = 1.

(ii) The proof is similar to that of (i).

In view of Proposition [5.2] we obtain the following corollary.

Corollary 5.1. Let (L, <, A, V) be a lattice and F' be a binary operation on L. If (L, <
,/\, V) has no greatest (resp. no least) element and F is conjunctive (resp. disjunctive),
then F' has no left- and no right-neutral element.

The following result characterizes the conjunction and the disjunction proprieties of
a binary operation on a bounded lattice in terms of its neutral element.

Proposition 5.3. Let (L, <, A,V,0,1) be a bounded lattice and F be a binary operation
on L. If F is increasing and having a neutral element e € L, then the following statements
hold:

(i) F is conjunctive if and only if e = 1;

(ii) F is disjunctive if and only if e = 0.

Proof.

(i) Proposition guarantees that if F' is conjunctive, then e = 1. Conversely, sup-
pose thate = 1. Let z,y € L, then z < e and y < e. Since F is increasing, it follows
that F(x,y) < F(z,e) =  and F(z,y) < F(e,y) = y. Hence, F(z,y) < z Ay.
Thus, F is conjunctive.

(ii) The proof is similar to that of (i).

O

The following propositions list some conditions for the existence and the uniqueness
of a left-neutral (resp. a right-neutral) element of a binary operation on a given lattice.

Proposition 5.4. (Existence and uniqueness) Let (L, <, A,V,1) be a lattice with
the greatest element 1 € L and F be a binary operation on L. If F is idempotent,
conjunctive and left-increasing (resp. right-increasing), then 1 is the unique left-neutral
(resp. the unique right-neutral) element of F'.
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Proof. Since F is idempotent, conjunctive and left-increasing (resp. right-increasing),
it follows that © = F(z,z) < F(1,z2) < = (resp. ¢ = F(z,z) < F(z,1) < z), for any
x € L. This implies that F'(1,z) = x (resp. F(x,1) = z), for any x € L. Hence,
1 is a left-neutral (resp. a right-neutral) element of F. Moreover, the fact that F is
conjunctive, it holds from Proposition that 1 is the unique left-neutral (resp. the
unique right-neutral) element of F'. O

Dually, we get the following proposition.

Proposition 5.5. (Existence and uniqueness) Let (L, <, A,V,0) be a lattice with
the least element 0 € L and F be a binary operation on L. If F'is idempotent, disjunctive
and left-increasing (resp. right-increasing), then 0 is the unique left-neutral (resp. the
unique right-neutral) element of F'.

Proof. The proof is analogous to that of Proposition O

Remark 5.2. From Propositions[5.4land[5.5] and Corollary[5.1] we conclude the follow-
ing links between the different conditions of the above representations of a given lattice
based on a binary operation on it.

(i) If (L, <, A, V, 1) is a lattice with the greatest element 1 and F' is the meet operation
of L, then 1 is a neutral element of F. In this case, (L, <, A, V) can be represented
by using the both Theorems [5.2] and

(if) If (L, <, A, V) has no greatest element and F' is the meet operation of L, then F
has no neutral element. In this case, (L, <, A, V) can be represented only by using
Theorem [£.4

(iii) If (L, <, A, V,0) is a lattice with the least element 0 and F' is the join operation of
L, then 0 is a neutral element of F. In this case, (L, <, A, V) can be represented
by using the both Theorems [5.2] and [5.4]

(iv) If (L, <, A, V) has no least element and F' is the join operation of L, then F' has
no neutral element. In this case, (L,<,A,V) can be represented only by using
Theorem [(.4

6. CONCLUSION AND FUTURE RESEARCH

In this work, we have studied and characterized some properties of a binary operation on
a lattice. We have also showed necessary and sufficient conditions that a binary operation
on a given lattice coincides with its meet (resp. its join) operation. Furthermore, we have
provided some representations of a given lattice in terms of two new lattices constructed
by means of a binary operation on that lattice.

To clarify some usefulness of this study, we anticipate that these properties and char-
acterizations of binary operations on an arbitrary lattice are prerequisite to introduce the
different notions of (F, G)-derivations on a lattice, where F' and G are binary operations.
Furthermore, the representation theorems are likely to provide us with the proper tools
for characterizing a given lattice in terms of the principal (F, G)-derivations defined on
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it. These studies would not be possible without the analysis of the different properties
and characterizations of binary operations on a lattice addressed in this paper. Also, to
avoid making the precedent studies used the lattice meet and join operations.

(Received December 21, 2017)

REFERENCES

[1] M. Ashraf, S. Ali, and C. Haetinger: On derivations in rings and their applications. Aligarh
Bull. Math. 25 (2006), 79-107.

[2] B. Bede: Mathematics of Fuzzy Sets and Fuzzy Logic. Springer, Berlin 2013.

[3] G. Beliakov, A. Pradera, and T. Calvo: Aggregation Functions: A Guide for Practitioners.
Springer, Heidelberg 2007.

[4] G. Birkhoff: Lattice Theory. Third edition. Amer. Math. Soc., Providence 1967.
[56] T.S. Blyth: Set theory and abstract algebra. Longman, London, New York 1975.

[6] G.D. Cooman and E.E. Kerre: Order norms on bounded partially ordered sets. J. Fuzzy
Math. 2 (1994), 281-310.

[7] B.A. Davey and H.A. Priestley: Introduction to Lattices and Order. Second edition.
Cambridge University Press, 2002. DOI:10.1017/cbo9780511809088

[8] D.S. Dummit and R. M. Foote: Abstract Algebra. Third edition. Hoboken, Wiley 2004.
[9] L. Ferrari: On derivations of lattices. Pure Math. Appl. 12 (2001), 365-382.

[10] G. Grétzer and F. Wehrung: Lattice Theory: Special Topics and Applications. Volume 1.
Springer International Publishing Switzerland, 2014. DOI:10.1007/978-3-319-06413-0

[11] G. Gréatzer and F. Wehrung: Lattice theory: Special Topics and Applications. Volume 2.
Springer International Publishing Switzerland, 2016. DOI:10.1007/978-3-319-44236-5

[12] R. Halas and J. Pécs: On the clone of aggregation functions on bounded lattices. Inform.
Sci. 329 (2016), 381-389. DOI:10.1016/j.ins.2015.09.038

[13] T. Jwaid, B. De Baets, J. Kalickd, and R. Mesiar: Conic aggregation functions. Fuzzy
Sets Systems 167 (2011), 3-20. DOI:10.1016/j.fss.2010.07.004

[14] F. Karagal and M. N. Kesicioglu: A t-partial order obtained from t-norms. Kybernetika
47 (2011), 300-314.

[15] F. Karacal and R. Mesiar: Aggregation functions on bounded lattices. Int. J. General
Systems 46 (2017), 37-51. DOI:10.1080/03081079.2017.1291634

[16] B. Kolman, R. C. Busby, and S. C. Ross: Discrete Mathematical Structures. Fourth edition.
Prentice-Hall, Inc., 2003.

[17] M. Komornikovd and R. Mesiar: Aggregation functions on bounded partially
ordered sets and theirs -classification. Fuzzy Sets Systems 175 (2011), 48-56.
DOI:10.1016/j.fss.2011.01.015

[18] R. Lidl and G. Pilz: Applied Abstract Algebra. Second edition. Springer-Verlag, New
York, Berlin, Heidelberg 1998. DOI:10.1007/978-1-4757-2941-2

[19] S. Lipschutz: Discrete Mathematics. Third edition. McGraw-Hill, 2007.
DOI:10.1201/b13782


http://dx.doi.org/10.1017/cbo9780511809088
http://dx.doi.org/10.1007/978-3-319-06413-0
http://dx.doi.org/10.1007/978-3-319-44236-5
http://dx.doi.org/10.1016/j.ins.2015.09.038
http://dx.doi.org/10.1016/j.fss.2010.07.004
http://dx.doi.org/10.1080/03081079.2017.1291634
http://dx.doi.org/10.1016/j.fss.2011.01.015
http://dx.doi.org/10.1007/978-1-4757-2941-2
http://dx.doi.org/10.1201/b13782

272 M. YETTOU, A. AMROUNE AND L. ZEDAM

[20] R. Martinez, J. Massé, A. Neme, and J. Oviedo: On the lattice structure of the
set of stable matchings for a many to one model. Optimization 50 (2001), 439-457.
DOI:10.1080,/02331930108844574

[21] J. Medina: Characterizing when an ordinal sum of t-norms is a t-norm on bounded lattices.
Fuzzy Sets and Systems 202 (2012), 75-88. [DOI:10.1016/j.fss.2012.03.002

[22] R. Mesiar and M. Komornikové: Aggregation functions on bounded posets. 35 Years of
Fuzzy Set Theory, Springer, Berlin, Heidelberg 261 (2010), pp.3-17. [DOI:10.1007/978-3-
642-16629-7_1

[23] D. Ponasse and J.C. Carrega: Algebre et tobologie boléennes. Masson, Paris 1979.

[24] E.P. Risma: Binary operations and lattice structure for a model of matching with con-
tracts. Math. Soc. Sci. 78 (2015), 6-12.|DOI:10.1016/j.mathsocsci.2014.11.001

[25] S. Roman: Lattices and Ordered Sets. Springer Science and Business Media, New York
2008. DOI:10.1007,/978-0-387-78901-9

[26] A. Rosenfeld: An Introduction to Algebraic Structures. Holden-Day, San Francisco 1968.
[27] B.S. Schroder: Ordered Sets. Birkhauser, Boston 2003. DOI:10.1007/978-1-4612-0053-6

[28] G. Szdsz: Translationen der verbédnde. Acta Fac. Rer. Nat. Univ. Comenianae 5 (1961),
449-453. [DOI1:10.1007 /bf01238704

[29] G. Szész: Derivations of lattices. Acta Sci. Math. 37 (1975), 149-154. DOI:10.1016/s0020-
1693(00)93924-0

[30] X.L. Xin, T.Y. Li, and J.H. Lu: On derivations of lattices. Inform. Sci. 178 (2008),
307-316. DOI:10.1016/j.ins.2007.08.018

Mourad Yettou, Laboratory of Pure and Applied Mathematics, Department of Mathe-
matics. Mohamed Boudiaf University of Msila, P.O. Box 166 Ichbilia, Msila 28000.
Algeria.

e-mail: yettou28mourad28@gmail.com

Abdelaziz Amroune, Laboratory of Pure and Applied Mathematics, Department of Math-
ematics. Mohamed Boudiaf University of Msila, P.O. Box 166 Ichbilia, Msila 28000.
Algeria.

e-mail: aamrounedz@yahoo.fr

Lemnaouar Zedam, Laboratory of Pure and Applied Mathematics, Department of Math-
ematics. Mohamed Boudiaf University of Msila, P.O. Box 166 Ichbilia, Msila 28000.
Algeria.

e-mail: l.zedam@gmail.com


http://dx.doi.org/10.1080/02331930108844574
http://dx.doi.org/10.1016/j.fss.2012.03.002
http://dx.doi.org/10.1007/978-3-642-16629-7_1
http://dx.doi.org/10.1007/978-3-642-16629-7_1
http://dx.doi.org/10.1016/j.mathsocsci.2014.11.001
http://dx.doi.org/10.1007/978-0-387-78901-9
http://dx.doi.org/10.1007/978-1-4612-0053-6
http://dx.doi.org/10.1007/bf01238704
http://dx.doi.org/10.1016/s0020-1693(00)93924-0
http://dx.doi.org/10.1016/s0020-1693(00)93924-0
http://dx.doi.org/10.1016/j.ins.2007.08.018

		webmaster@dml.cz
	2020-04-02T15:45:37+0200
	CZ
	DML-CZ attests to the accuracy and integrity of this document




