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The purpose of this paper is to introduce linear Diophantine anti-fuzzification of algebraic struc-
tures. In this regard, we define linear Diophantine anti-fuzzy (LDAF) substructures of a semigroup
and discuss some of its properties. Moreover, we characterize semigroups in terms of LDAF-ideals
and LDAF-bi-ideals. Finally, we apply the linear Diophantine anti-fuzzification to groups and find
a relationship between LDAF-subgroups of a group and its LDF-subgroups.
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Introduction

Over the past few decades, there has been a lot of discussion in the literature on associating
a fuzzy set to an algebraic object. Generally, an element’s membership in a set is determined by
whether or not it is a member of the set. Such a concept leaves open many real-life questions.
Fuzzy Set Theory was first presented by L.A. Zadeh [16] in 1965. The membership of an element
in a fuzzy set is a real number in the unit interval [0,1]. The sum of an element’s degree of
membership and degree of non-membership in a fuzzy set is equal one. A. Rosenfeld [15]
introduced fuzzy subgroups of a group and R. Biswas [6] introduced anti-fuzzy subgroups of
a group. After that, the fuzzification and anti-fuzzification of algebraic structures grew and
became areas of research that grabbed many algebraists and set theorists. In 2020, H. Kamaci
[9] investigated the linear Diophantine fuzzy subsets of various algebraic structures. Finite
linear Diophantine fuzzy substructures of algebraic structures such as groups, rings and fields
were of great interest to him.

The linear Diophantine fuzzy subpolygroups of a polygroup and the concept of the
linear Diophantine fuzzy n-fold weak subalgebras of a BE-algebra were recently studied by
M. Al-Tahan et al. [1,2]. In 2022, G. Muhiuddin et al. [13] implemented the idea of linear Dio-
phantine fuzzy sets in BCK/BCl-algebras. Motivated by the recent work on linear Diophantine
fuzzy substructures and the early study on anti-fuzzy algebraic structures, we introduce a new
class of linear Diophantine anti-fuzzy algebraic structures.

The following is the structure of our article on linear Diophantine anti-fuzzy subsets of
semigroups. In Section 2, we define linear Diophantine anti-fuzzy (LDAF) substructures of a
semigroup and discuss some properties. Moreover, we introduce a new relationship between
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linear Diophantine fuzzy sets and algebraic structures by using LDAF-ideals (bi-ideals) of a
semigroup. In Section 3, we apply the linear Diophantine anti-fuzzification to groups and find
a connection between LDAF-substructures of a group and its LDF-substructures.

1 Basic concepts

In this section, we introduce some fundamental concepts and results related to linear Dio-
phantine fuzzy sets, as well as to semigroups that are used throughout the paper. For more
related details, we refer to [3-8].

Definition 1 ([16]). Let (2 be a universal set, I = [0,1] and u : Q2 — I be a validity function.
Then A = {(x, u(x)) : x € Q} is a fuzzy set.

Definition 2 ([14]). Let (2 be a universal set, I = [0,1] and U(X), V(x) € I are degrees of be-
longingness and non-belongingness, respectively. Let a(x), B(x) € I be reference parameters.
The degrees satisfy a(x) + B(x) € I and a(x)U(x) + B(x)V(x) € I for all x € (2. Then a linear
Diophantine fuzzy set (LDFS) D on (2 is described as follows

D= {(a, < U(a),V(a) > < a(a),p(a) >):acQ}.

Remark 1. A fuzzy set A on a universal set () with a validity function y is a special case of the
LDFS. This is easily seen as A = {(x, < u(x),0 >,< 1,0 > ) : x € Q} isan LDFSon Q.

Definition 3 ([14]). Let (2 be a universal set and D1, D, be LDFSs on (). Then
(1) the intersection D1 N Dy of D1 and D, is defined as
{(x, < Uy (x) AUa(x), Vi (x) V Vo (x) >, < a1 (x) Aaz(x), B1(x) V Ba(x) > ) 1 x € Q};
(2) the union D1 U D; of D1 and D, is defined as

{(x, < Uy(x) VUa(x), Vi (x) AVa(x) >, < aq(x) Vaz(x), B1(x) ABa(x) > ) :x € Q};

(3) the complement D of Dy is defined as

Df = {(x, < Vi(x), Uy (x) >, < B1(x), a1 (x) > ) : x € O}.

Here, “V” represents the maximum and “ \” represents the minimum.
One can easily see that (D$)“ = D;.
Definition 4. Let A be a non-void set and

Tt AXA—=A

be a map. Then (A,-) is a semigroup if “” is associative on A, i.e. a-(B-7v) = (- B) -7
forallwa, B,y € A.

A non-empty subset M of a semigroup A is called a subsemigroup of A if M is a semigroup.
A subsemigroup M of A is called a left ideal of A if AM C M and it is called a right ideal of A if
MA C M. Anideal is a left and a right ideal. A subsemigroup M of A is called a bi-ideal of A if
MAM C M. A semigroup is duo if every its left (right) ideal is an ideal.
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2 LDAF-substructures of semigroups

The study of linear Diophantine fuzzy subgroups of a group in [12], and linear Diophantine
fuzzy subpolygroups of a polygroup in [1] motivate us to work on linear Diophantine anti-
fuzzy (LDAF) substructures of a semigroup.

Let (2 be a universal set and D be an LDFS on (2 given as follows

D= {(x, <U(x),V(x) > <a(x),p(x) >):xe (2},

where U(X), V(x) € [0,1] are degrees of belongingness and non-belongingness, respectively,
and a(x),B(x) € [0,1] are reference parameters. The degrees satisfy a(x) + p(x) < 1 and
a(x)U(x) + B(x)V(x) < 1forall x € Q. For x,y € 2, we have:

(i) D(x) AD(y) = ( < w,v >,< a,p > ), where u = U(x) ANU(y), v = V(x) VvV V(y),
o= a(x) Na(y), v = B(x) Vv B(y),

(i) D(x)VD(y) = ( < u,v >, < a,p > ), where u = U(x) VU(y), v = V(x) A V(y),
& =a(x) Va(y), p=px) ABy),

(ifi) D(x) < D(y) means that U(x) < U(y), V(x) > V(y), a(x) < a(y) and B(x) > B(y).

Definition 5. Let (B, -) be a semigroup and D be an LDFS of B. Then D is a linear Diophantine
anti-fuzzy subsemigroup (LDAF-subsemigroup) of B if

D(by - bp) < D(by) V D(by)
for all by, b, € B.

Definition 6. Let (B, -) be a semigroup and D be an LDAF-subsemigroup of B. Then D is an
LDAF-right ideal of B if
D(by - bp) < D(by)

for all by, b, € B.

Definition 7. Let (B, -) be a semigroup and D be an LDAF-subsemigroup B. Then D is an
LDAF-Ieft ideal of B if
D(by - by) < D(by)

for all by, b, € B.

Definition 8. Let (B, -) be a semigroup and D be an LDAF-subsemigroup of B. Then D is an
LDAF-ideal of B if
D(bl . bz) < D(bl) VAN D(bz)

for all by, by € B, i.e. D is an LDAF-left ideal and an LDAF-right ideal of B.

Definition 9. Let (B, -) be a semigroup and D be an LDAF-subsemigroup of B. Then D is an
LDAF-bi-ideal of B if
D(a-b-B) < D(w) v D(B)

foralla,b, € B.



106 Al-Kaseasbeh S., Al Tahan M.

Proposition 1. Let (B, -) be a semigroup and D be an LDAF-subsemigroup of B. If D is an
LDAF-left ideal (right ideal) of B then D is an LDAF-bi-ideal of B.

Proof. Let D be an LDAF-left ideal of B and «, x, § € B. Since D is an LDAF-subsemigroup of
B, it follows that D(a - x - ) < D(a) V D(x - B). Having D an LDAF-left ideal of B implies that
D(x-B) < D(B) and hence D(a - x - B) < D(«) V D(B). Therefore, D is an LDAF-bi-ideal of B.
The case D is an LDAF-right ideal of B is done similarly. O

Example 1. Let (P, -) be the semigroup of positive integers under the standard multiplication
of integers and D be the LDFS of P defined by

< 05,04 >,<03,0.6 >), if 7|x;

(<1,01>,<08,0.1 >), otherwise.
Then D is an LDAF-ideal of P.

We present an example on an LDAF-bi-ideal that is neither an LDAF-right ideal nor an
LDAF-left ideal.

Example 2. Let By = {dj,dy, d3,ds} and define “-;” on By by Table 1.

dy ds3 dy ds dy

Table 1. The semigroup (B, -4)

One can easily see that (B, -;) is a semigroup. Let D be the LDFS of B; defined as follows:

D(d;) = (< 0.8,0.3 >,< 04,05 >),
D(d,) = (< 0.85,0.3 >,< 04,05 >),
D(d3) = D(dy) = (< 0.9,0.3 >, < 0.4,0.5 >).

One can easily see that D is an LDAF-subsemigroup of B;. But it is not an LDAF-left ideal
of B; since D(dy) = D(d3 -dy) ¢ D(dy). Also, D is not an LDAF-right ideal of B; since
D(dy) = D(dy - da) £ D(dy).

However, D is an LDAF-bi-ideal of B;. Leta, x,y € By.

1 Ifa € {ds,ds} ory € {ds,ds}, then D(a - x-y) < D(a)V D(7y) forall x € By.

2. Ifa,y € {dy,dr}, thenD(a-x-7) < D(a)V D(vy) for all x € By. The latter follows from
considering the following cases.
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Case 1. Ifa =y =4dy, thenD(dy -x-dy) =d(dy) < D(a) V D(7).
Case2. Ifa =y =dp, then D(dy - x - dy) = D(d) < D(a) V D(7y).
Case 3. Ifa = dy andy = dp, then D(dy - x - dp) = 2) < D(a
Case4. Ifa = dyandy =dy, then D(dy - x - dy) = 1) < D(a

Now, we present an example on an LDAF-right ideal that is not an LDAF-left ideal.

D(7).

D(d )V
D(d )V D(7).

Example 3. Let (B, -4) be the semigroup in Example 2 and define D’ on B as follows:

D'(dy) = D'(dy) = (< 0.87,0.8 >, < 0.3,0.6 >),
D'(d3) = D'(dy) = (< 091,02 >, < 0.3,0.6 >).

We get that D’ is an LDAF right-ideal that is not an LDAF-left ideal since
D'(dy) = D'(d3 - dy) £ D'(dy).

Proposition 2. Let (K, ) be a semigroup and D*, D** be LDAF-subsemigroups of K. Then
D* U D** is an LDAF-subsemigroup of K.

Proof. Let x,y € Kand D* = {(x,< U*(x),V*(x) > < a*(x),p*(x) > ) : x € K},
D* = {(x,< U*™*(x), V*(x) >, < a**(x),p™(x) > ) : x € K} be LDAF-subsemigroups
of K. Let D = D*UD* = {(x, < U(x), V(x) >, < a(x),B(x) > ) : x € K}.

We have U (x -y) < U*(x) v U(y), V*(x - 5) > V*(x) A V*(y), " (x - ) < &/(x) Va*(y),
Brix-y) = Br(x) AB*(y), U™(x-y) < U™(x) VU (y), V*(x-y) = V™ (x) AV™(y),
a*(x-y) < a*(x) Var(y) and B (x - y) = B (x) A BT (y).

WegetU(x-y) = U™ (x-y) VU™ (x-y) < U*(x) VU (y) VU™ (x) VU™ (y) = U(x) VU(y),
Vix-y) = Vix-y) AV*(x-y) =2 V) AVE(Y) AVT() AVT(y) = ;/(x) A

alx-y) = a*(x-y)VaT(x-y) < a’(x)Var(y)Va(x) var(y) = ax)Va(y) and
Blx-y) = prx-y) A" (x-y) = B (x) AB™(y) A (x) AP (y) = B(x) AB(y). The
latter implies that D(x - y) < D(x) V D(y), as desired. O

Using a similar proof as that in Proposition 2, we get the following propositions.

Proposition 3. Let (K, -) be a semigroup and D*, D** be LDAF-Ileft ideals of K. Then D* U D**
is an LDAF-left ideal of K.

Proposition4. Let (K, -) be a semigroup and D*, D** be LDAF-right ideals of K. Then D* U D**
is an LDAF-right ideal of K.

Proposition 5. Let (K, -) be a semigroup and D*, D** be LDAF-ideals of K. Then D* U D** is
an LDAF-ideal of K.

Proposition 6. Let (K, -) be a semigroup and D*, D** be LDAF-bi-ideals of K. Then D* U D**
is an LDAF-bi-ideal of K.

Remark 2. Let (K, -) be a semigroup and D", D** be LDAF-subsemigroups of K. Then D* N D**
is not necessary an LDAF-subsemigroup of K.

We illustrate Remark 2 by Example 4.
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Example 4. Let (P, +) be the semigroup of positive integers under the standard addition of
numbers and Dy, D, be the LDFSs of P defined as follows:

py(x) — { (< 034,056 >,< 021,067 >), if x€5P,
X) =
! (< 0.89,021 >, < 0.65,0.34 >), otherwise,
py(x) — | (<03,056 >, < 021,067 ), ifx 7P,
2(X) =
(< 067,01 >,<05,04 >), otherwise.

One can easily see that D1 and D, are LDAF-subsemigroups of P. Having

(D1 N D3)(5) = (< 0.34,0.56 >, < 0.21,0.67 >),
(D1 N D2)(7) = (< 0.3,0.56 >, < 0.21,0.67 >),
(D1 N D7)(12) = (< 0.67,0.21 >, < 0.5,0.4 >)

and 12 = 5+ 7 implies that (D1 N D;)(12) £ (D1 N D3)(5) V (D1 N Dy)(7). Thus, D1 N D; is
not an LDAF-subsemigroup of P.

Definition 10. A semigroup K is an LDAF-duo if every LDAF-left (-right) ideal is an
LDAF-ideal.

Proposition 7. Let K be a commutative semigroup. Then K is an LDAF-duo.

Proof. Let D be an LDAF-left ideal of K and b1,b, € K. Then D(bi1by) = D(byby) > D(by).
Note, that D is a left ideal of K. Thus, D is a right ideal of K. Therefore, K is an LDAF-duo. O

Example 5. Let (B, -4) be the semigroup in Example 2. Then B, is not an LDAF- duo.

Definition 11. Let (B,-) be a semigroup and D be an LDFS of B. Let uj,uz,a,8 € [0,1]
satisfy « + B € [0,1] and auy + Buy € [0,1]. The ceiling set D' of B corresponding to
t= (< uy,up >, < w, B >) is defined as follows

D' ={beB:D(b) <t}.

Theorem 1. Let uy, up,«, B € [0,1] satisfy a + B € [0,1] and aug + Buy € [0,1]. Let (K, -) be a
semigroup and D be an LDFS of K. Then D is an LDAF-subsemigroup of K if and only if for
allt = (< uy,up >,<a,p >), D' # & is a subsemigroup of K.

Proof. Let D be an LDAF-subsemigroup of K and D! # @. If x1, xo € D¢, then D(x1), D(x2) < t.
Since D is an LDAF-subsemigroup of K, it follows that D(x; - xp) < D(x1) V D(x3) < t. This
implies that x; - x; € D'. Thus, D' is a subsemigroup of K.

Conversely, let x1,x, € K with D(x1) = #/,D(xp) =t and t = #'V #’. Then x1,x, € D'
Since D! is a subsemigroup of K, so x1 - x, € D'. This implies D(x7 - x3) <t = D(x1) V D(x2).
Thus, D is an LDAF-subsemigroup of K. O

Theorem 2. Let uy, up, o, p € [0,1] satisfy a + B € [0,1] and auq + puy € [0,1]. Let (K, -) be
a semigroup and D be an LDFS of K. Then D is an LDAF-left ideal of K if and only if for all
t = (< uy,up>,<a,B>), D! # O is aleft ideal of K.
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Proof. Let D be an LDAF-left ideal of K and D! # &. Theorem 1 shows that D! is a subsemi-
group of K. If x; € D! and x; € K, then D(x; - x3) < D(x) < t. The latter implies that
x1 - X2 € D! and hence, D! is a left ideal of K.

Conversely, let x,x; € K with D(x;) = #. Then x, € D' Since D! is a left ideal of K, it
follows that x; - x» € Dy. This implies D(x1 - x2) < D(x2). O

Theorem 3. Let uq,up, o, f € [0,1] satisfy « + p € [0,1] and aug + puy € [0,1]. Let (K,-) be a
semigroup and D be an LDFS of K. Then D is an LDAF-right ideal of K if for all
t = (< uy,up >,<ap>) D+ O isarightideal of K.

Proof. The proof is similar to that of Theorem 2. O

Theorem 4. Let uy, up,a,p € [0,1] satisfy « + B € [0,1] and auy + puy € [0,1]. Let (K, -) be
a semigroup and D be an LDFS of K. Then D is an LDAF-ideal of K if and only if for all
t = (< uy,up>,<aB>), D!+ @ isanideal of K.

Proof. The proof results from Theorems 2 and 3. O

Theorem 5. Let uy,up, o, p € [0,1] satisfy a + B € [0,1] and auq + puy € [0,1]. Let (K, -) be
a semigroup and D be an LDFS of K. Then D is an LDAF-bi-ideal of K if and only if for all
t = (<upup>,<wp>) D!+ &isabi-ideal of K.

Proof. The proof is similar to that of Theorem 2. O

Remark 3. Let u,v,a,p € [0,1] satisfya + p < 1 and au + pv < 1. Let (K, -) be a semigroup
and D be an LDFS of K defined as D(x) = (< u,v >,< a, >) foralla € A. Then D is an
LDAF-(leftideal /right ideal /ideal /bi-ideal) of K. This LDFS is called the constant LDFS of K.

Definition 12. Let (K, -) be a semigroup. Then K is called LDAF-simple if every LDAF-ideal of
K is the constant LDFS.

Theorem 6. Let (K, -) be a semigroup. Then K is an LDAF-simple if and only if K is a simple
semigroup.

Proof. Let K be an LDAF-simple. Then every LDAF-ideal of K is the constant LDFS. If P is an
ideal of K, then P is the ceiling set of K corresponding to t = (< 0,1 >,< 0,1 >) for the
LDAF-ideal D’ of K defined as

D' (x) (<0,1>,<0,1>), ifxeP,
X) =
(<1,0>,<1,0>), otherwise.

Since D’ is constant, it follows that P = K and hence, K is simple.

Conversely, let K be a simple semigroup and D be an LDAF-ideal of K. Theorem 4 asserts
that D' # @ is an ideal of K for all t = (< u,v >,< &, >), where u,v,a,8 € [0,1] satisfy
a+p € [0,1] and au + Bv € [0,1]. Having K a simple semigroup implies that D' = K. Let
X,y € P If D( ) < D(y), then D! # K for t = D(x). Similarly, if D(y) < D(x), then D" # K
forr = ). If D(x) £ D(y) and D(y) ¢« D(x), then D? # K for p = D(x). This implies that
Disa constant LDFS of K. Therefore, K is LDAF-simple. O

Using a similar argument to the proof of Theorem 6, we can prove the following theorem.

Theorem 7. Let (K,-) be a semigroup. Then K is an LDAF-duo if and only if K is a duo
semigroup.
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3 LDAF-substructures of groups

In this section, we define linear Diophantine anti-fuzzy subgroups of a group and find a
relationship between its LDAF-subgroups and its LDF-subgroups.

Definition 13 ([12]). Let (G, -) be a group and D be an LDFS of G. Then D is a linear Diophan-
tine fuzzy subgroup (LDF-subgroup) of G if the following conditions hold:

(1) D(a-B) > D(a) ND(B) foralla,p € G,
(2) D(a™') = D(a) foralla € G.

o4

Proposition 8 ([12]). Let (G, ) be a group with identity “e” and D be a linear Diophantine
tuzzy subgroup (LDF-subgroup) of G. Then the following inequalities are true:

(1) D(e) > D(a) foralla € G,
(2) D(aX) > D(«) forallx € G and k € Z.

Proposition 9 ([12]). Let (G, -) be a group and D be an LDFS of G. Then D is LDF-subgroup
of G ifand only if D(g1-g,") > D(g1) A D(g2).

Remark 4. In [9, Theorem 3.5], H. Kamaci stated that the union of LDF-subgroups of a group
is an LDF-subgroup. This result is incorrect. We illustrate it by Example 6.

Example 6. Let (Z, +) be the group of integers under the standard addition of numbers, D3, Dy
be the LDFS on Z defined as follows:

D ( ) (< 0.89,0.21 >, < 0.65,0.34 >), if fo,
3\X) =
(< 0.34,0.56 >,< 0.21,0.67 >), otherwise,

by(x) — { (S067,01>,<05,04>), i 3]x,
X)) =
! (< 03,056 >, < 0.21,0.67 >), otherwise.

One can easily see that D3 and D, are LDF-subgroups of Z.
Having

(D3U Dy)(8) = (< 0.89,0.21 >, < 0.65,0.34 >),
(D3U Dy)(27) = (< 0.67,0.1 >,< 0.5,0.4 >),
(D3 U Dy)(35) = (< 0.34,0.56 >, < 0.21,0.67 >),

and 35 = 8 + 27 implies that (D3 U Dy)(35) # (D3 U Dy4)(8) A (D3 U Dy4)(27). Thus, D3 U Dy is
not an LDF-subgroup of Z.

Definition 14. Let (G, -) be a group and D be an LDFS of G. Then D is a linear Diophantine
anti-fuzzy subgroup (LDAF-subgroup) of G if the following conditions hold:

(1) D(a-B) < D(a) VD(B) foralla,p € G,

(2) D(a™') = D(a) foralla € G.
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Example 7. Let (Z,+) be the group of integers under standard addition and Ds be the LDFS
of Z defined as follows:
Ds(a) (< 0.65,045 >,<0.3,0.2 >), if 12|a,
5(a) =
(< 0.75,0.32 >,< 0.4,0.2 >), otherwise.

One can easily see that D5 is an LDAF-subgroup of Z.

Theorem 8. Let (G, ) be a group and D’ be an LDFS of G. Then D' is an LDF-subgroup of G
if and only if D'* is an LDAF-subgroup of G.

Proof. Let D' = {(a,< U(a),V(a) >, < a(a),B(a) > ) : a € G} be an LDF-subgroup of G.
Then D' = {(a, < V(a),U(a) >, < B(a),a(a) > ) :a € G}.
Now, forall a,b € G, we have D(a-b) > D(a) A D(b). Therefore, U(a -b) > U(a) ANU(D),
V(a-b) < V(a)VvV(b),a(a-b) > a(a) Na(b) and B(a-b) < B(a) V B(b). The latter implies
that D'“(a-b) < D'“(a) vV D'“(a) for all a,b € G. Moreover, having D’ (x~1) = D'(x), we
get U(a~!) = U(a), V(e ') = V(a), a (a7!) = a(a) and B (a~!) = B(a). This implies that
D* (a=') = D'“(a). Hence, D' = {(a,< V(a),U(a) >,< B(a),a(a) > ) :a € G} isan
LDAE-subgroup of G. The other direction is done similarly. O

Corollary 1. Let (G, ) be a group and D be an LDFS of G. Then D is an LDAF-subgroup of G
if and only if D¢ is an LDF-subgroup of G.

Proof. The proof results from Theorem 8 and the fact that (D) = D. O

Proposition 10. Let (G, -) be a group and D*, D** be LDAF-subgroups of G. Then D* U D** is
an LDAF-subgroup of G.

Proof. The proof is similar to that of Proposition 2. O
Remark 5. The intersection of LDAF-subgroups of a group may not be an LDAF-subgroup.

Proposition 11. Let (G, o) be a group and D be an LDAF-subgroup of G. Then the following
statements hold:

(1) D(e) < D(a) foralla € G,
2) D (aX) < D(a) foralla € G andk € Z.

Proof. Let D = {(a,< U(a),V(a) >,< a(a),B(a) > ) : a € G} be an LDAF-subgroup of G.
Then D¢ is an LDF-subgroup of G. Therefore, D¢(e) > D¢(«) for all « € G. It follows that
D(e) < D() forall « € G. Now, since D¢ (a¥) > D¢(a) forall @ € G and k € Z, therefore
D (af) < D(w) foralla € Gand k € Z. O

Using a similar argument to that of Proposition 11, we get the following result.

Proposition 12. Let (G, -) be a group and D be an LDFS of G. Then D is an LDAF-subgroup
of G ifand only if D(g1-g,"') < D(g1) V D(g2)-

Theorem 9 ([8]). Let (B, .) be a semigroup. Then B is a group if and only if B is simple.
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Corollary 2. Let (B, .) be a semigroup. Then B is a group if and only if B is LDAF-simple.
Proof. Let (B, .) be a semigroup. The proof results from Theorem 6 and Theorem 9. O

Corollary 3. Every semigroup has either a non-constant LDAF-Ieft ideal or a non-constant
LDAF- right ideal.

Proof. The proof follows from Corollary 2. O

Theorem 10. Let uq,up, o, f € [0,1] satisfy « + B € [0,1] and auq + Buy € [0,1]. Let (G, -) be a
group and D be an LDFS of G. Then D is an LDAF-subgroup of G if and only if
D! £ gisa subgroup of K forallt = (< uy,up >, <, >).

Proof. The proof is similar to that of Theorem 1. O

Proposition 13. Every non-trivial group has a non-constant LDAF-subgroup.

" 7

Proof. Every non-trivial group with identity “e” has {e} as a proper subgroup. One can easily
see that the non-constant LDFS D of G defined as

D® (x) (<0,1>,<0,1>), ifx=e,
X g
(<1,0>,<1,0>), otherwise

is an LDAF-subgroup of G. O
Corollary 4. Every non-trivial group has a non-constant LDF-subgroup.

Proof. Proposition 13 asserts that every non-trivial group has a non-constant LDAF-subgroup,
say D. Corollary 1 asserts that D¢ is an LDF-subgroup of G. Having D an non-constant LDFS
implies that so D°. O

4 Conclusion

This paper presented a new link between linear Diophantine fuzzy sets and algebraic struc-
tures by introducing LDAF-ideals (bi-ideals) of a semigroup and LDAF-subgroups of a group.
The various properties, definitions, and theorems related to the latter concepts have been dis-
cussed. Moreover, semigroups and groups were characterized by their LDAF-substructures.
The results of the paper can be considered as a generalization of the results known for anti-
fuzzy ideals (bi-ideals) of a semigroup and for anti-fuzzy subgroups of a group. For upcoming
studies this new approach may be applied to numerous algebraic structures using different
methodologies and we hope to apply some applications on the similarity measure like [10,11].
We expect that the proposed model of LDF-relations and all the ideas in this paper will exist
as an establishment for LDFS theory and will lead to new valuable results.
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Mertoro 1iel pob0TH € BBeAEHHSI AiHIHOI Al0dPaHTOBOI AaHTMHEUITKOCT aATebpaidHIX CTPYKTYP.
VY 3B’s13Ky 3 IMM MM BM3HaJaeMO AiHilHI AilodpanToBi anTHHeuiTKi (LDAF) miACTpyKTYypy Hamisrpy-
M Ta 06rOBOPIOEMO AesiKi 11 BAacTmBOCTi. KpiM Toro, My xapakTepusyeMo HamiBIpyIm B TepMiHaX
LDAF-iaeanis Ta LDAF-6i-iaeanis. HacamkiHelb, My 3aCTOCOBY€EMO AiHIVIHY Ai0dpaHTOBY aHTMHEUi-
TKiCTh AO Ipy™ i 3HaX0AMMO 3B’5130K MixX LDAF-miarpynamu rpymm ta ii LDF-miarpymamun.

Kntouosi cnoea i ppasu: rpyma, HamiBrpyma, AiHiliHa aAiodpaHToBa HeuiTka MHOXMHA, LDAF-mia-
rpyna, LDAF-niananisrpyma, LDAF-iaeaa, LDAF-6i-iaean.



