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NEUTROSOPHICATION OF POSITIVE IMPLICATIVE
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ALGEBRAS
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ABSTRACT. The study of neutrosophy has grown exponentially in recent
years. The key goal of this article is to explore the idea of neutrosophic
positive implicative and associative filters in Basic Logic (BL) algebras
with suitable illustrations. Also, we prove that every neutrosophic pos-
itive implicative and neutrosophic associative filter is a neutrosophic
filter in BL-algebras. Also, we explore a set of equivalent conditions.
Finally, we establish the relationship between the neutrosophication of
positive implicative, associative, and fantastic filters.
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1. INTRODUCTION

Hajek [2] developed Basic Logic (BL) algebras to examine various valued
forms of logic through algebraic methods. He was driven by two different
types of reasons to instigate BL-algebras. The major was supplying an an-
alytical equivalent known as Basic Logic [11,3]. The next objective was to
develop an analytical mean. One of the foundations upon which the model
of BL-algebras was built was the philosophy of MV-algebras. On the one
hand, it can help us understand what is feasible, while on the other, it can
also set certain boundaries.

Florentin Smarandache’s [10] philosophy of neutrosophy addresses the ambi-
guities and imprecision of data. The foundations of the study of neutrosoph-
ical logic, probability, sets, and statistics are all provided by this discipline.
Information system applications, IT, decision support systems, etc. have all
included this principle in many studies. Jun [4] et al. instigated the concepts
of positive implicative and associative filters in lattice implication algebras
[12]. Liu and Li [5] instigated the concept of fuzzy positive implicative fil-
ters of BL-algebras. Recently, the authors studied the neutrosophication of
fantastic implicative and n-fold implicative filters [6,7,8] in BL-algebras.
Our major contributions:

The ideas of neutrosophic positive implicative and associative filters are ap-
plied in BL-algebras. We obtain a few equivalent requirements for a neutro-
sophic filter to be neutrosophic positive implicative, and associative. Finally,
we establish the relationship among the neutrosophic positive implicative,
associative and fantastic filters in BL-algebras.
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2. PRELIMINARIES

In this part, few of the definitions and findings from the literature are
referred to progress the major conclusions.

Definition 2.1 [11, 5] A BL-algebra (G, A, V, 0, —,0, 1) of type (2,2,2,2,0,0)
such that the subsequent requirements are persuaded for all o, 7,9 € G,

(i) (G,A,V,0,—,0,1) is a bounded lattice,

(ii) (G,0,1) is a commutative monoid,

(iii) 'o’ and ’ —’ form an adjoint pair, that is, ¢ < o — 7 if and only if
cgop <7 forall o,7,p €3,

(ivieAT=00(0c— 1),

V) (c=7)V(r—o)=1

Proposition 2.2[11,5] The succeeding requirements are persuaded in a
BL- algebra G for all o, 7,0 € G,
HT=(c=p)=0=(T2p)=(0oT) =9,
(i)l »o=o0,

(iii) o <7 ifand only if 0 —» 7 =1,
(iviovr=((oc—=71)=>1)AN((T = 0) = 0),
(v) o <7 implies T — p <o — ¢,
(vi) o < 7 implies ¢ = 0 < p — T,
(Vi) o =27 < (¢ = 0) = (¢ = 1),
(v11)a—>7'<(7—><p) (1 = @),
(ix) o< (oc—71)—>T,

(x) o (J—>T)—o/\7',

(xi) coT< o AT,

(xii) 0 = 7 < (00 p) = (T o),
(xiii) oo (T — ) <7 — (dop),
(xiv) (c = 7)o (Tt = p) <o — ¢,
(xv) (0 o0*) =0.

Definition 2.3[1,9] A neutrosophic subset C of the universe U is a triple
(Te, Ic, Fe) where To - U — [0,1] Ic : U — [0,1] and Fo : U — [0, 1] rep-
resents truth membership, indeterminacy and false membership functions
respectively where 0 < Te(0) + Io(o) + Fo(o) < 3 for all 0 € U.

Definition 2.4[8] A neutrosophic set C of a BL- algebra G is called a
neutrosophic filter, if it persuades the requirements:
(i) Tc(O') < Tc(l),fc(a) > Ic(l) and Fc(d) > Fc(l),
(ii) min{Tc(oc — 7),Tc(0)} < Te(r),min{lc(c — 7),Ic(0)} > Io(r) and
min{Fc(oc — 7),Fc(o)} > Fo(r) for all 0,7 € G.

Proposition 2.5[6] Let C be a neutrosophic filter of G if and only if
(i) If o < 7 then To (o) < To(7),Ic(0) > Ic(T) and Fe(o) > Fo(r) ,
(ii) To(o o 1) > min{Tc(0), Tc(T)}, Ic(o o 7) < min{lc(o),Ic(r)} and
Fo(oo1) <min{Fc(o), Fo(r)}Hor all 0,7 € G.
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Proposition 2.6 [6, 7] Let C be a neutrosophic filter of G for all
o, T, € G then the following hold.
(i) Te(o = ) = Te(1), then Te(o)o (1), Ic(o = 7) = Ic(1),
then Ic(o) > Ic(7), Fo(o — 1) = Fo(1),then Feo(o) > Fo(r)
(11)To(o A7) = min{Tc(0), To(T)}, Ie(o A ) = min{lo(o), Io(T)},
Fo(o A1) =min{Fc(o), Fo(r)}
(i) Tc(o o) = min{Tc (o), Tc (1)}, Io(o o 7) = min{Ic(o), Ic(T)},
Fo(oo1) =min{Fc(o), Fo(r)}
(iv)Te(0) = min{Tc(0), Te(c*)}, Ic(0) = min{Ic(o), Ic(c*)},
Fco(0) = min{Fc(o), Fo(o™)}

Definition 2.7 [7] Let C be called a neutrosophic fantastic filter of G, if
it persuades the subsequent requirements for all o, 7, € G,
()Tc(1) =2 Te(o), 1e(1) < Ic(o), Fo(1) < Fo(o).
(ii)min{Tc(oc — 7),Tc(0)} < Tc(r),min{lc(c — 7),Ic(0)} > Ic(T)and
min{Fc(c — 1), Fo(o) > Fo(r).
(ii)Te((0 = 7) = 7) = 0) = min{Tc(p — (1), To(e)}
Ic((0 = 1) = 1) = 0) <min{lc(p = (1 = o)), Ic(p)},
Fo((o = 7)—=71)—=0) <min{Fc(p = (1 = 0)), Fc(p)}.

Proposition 2.8 [7] Let C be a neutrosophic fantastic filter of G if and
only if Te(((c - 7) =2 7) = 0) > To(t = 0),Ic(((c = 7) =) = 0) <
Io(t— o) and Fo(((0 = 7) = 7) = 0) < Fo(tr = o) forall 0,7 € G.

Definition 2.9 [5] A fuzzy set u of G is called a fuzzy positive implicative
filter of G, if it satisfies, (i) u(1) > p(o)
(#@)p(r) > min{pu(c = ((t = ¢) = 7)), u(o) for all o,7 € G.

3. NEUTROSOPHIC POSITIVE IMPLICATIVE FILTER

Here, we put forward the conception of a neutrosophic positive implica-
tive filter and confer its features with illustrations.

Definition 3.1 Let C be called a neutrosophic positive implicative filter
of a BL-algebra G if it persuades,
(1) Te(o) < Te(1),Ic(o) > Ic(1)and Feo(o) > Feo(1)
(ii) min{Tc(o — 7),Tc(0)} < Te(r),min{lc(c — 7),Ic(0)} > Io(7)
and min{Fo(oc = 7), Fc(o)} > Fe(T)
(ii)ymin{Tc(oc = ((r = ¢) = 7),Tc(0)} < Te (o),
min{lc(c = ((t = ¢) = 7),Ic(0)} > Ic(0),
min{Fc(c = (1 = ¢) = 1), Fc(o)} > Fo(o) for all 0,7, € G.

Example 3.2 Let C = {0,311, 511,711, 1}.The bi-fold operations are
given by the subsequent tables (1) and (2).

Consider
C =(0,[0.4,0.6,0.6]), (11, [0.5,0.6,0.6]), (511, [0.5, 0.6, 0.6]), (711, [0.5,0.6,0.6]), (1, [0.6, 0.6, 0.6]).



426 A. Ibrahim, S. Karunya Helen Gunaseeli and Florentin Smarandache

TABLE 1. 'o’ Operation

o | 0 a1 |fBi1 |
0 1 1 1 1

o1 |y | 1 1 1
Pun [Pin [y | 1|1
M1 o1t | B || 1

110 Joar| B |

= =] = =] =] =

TABLE 2. ' =/ Operation

— | 0 |o11| B |71l
0 1 1 1 1 |1
a11 | 11 1 1 1 1
Bri| 0 a1 | 1 11
mi| 0 |og | P 1 |1
110 o | B |71l

It is evident that C assures the definition 3.1.
Hence, C is a neutrosophic positive implicative filter of C.

Proposition 3.3 Every neutrosophic positive implicative filter is a
neutrosophic filter. But the adverse may not be true.
Proof: Let C be a neutrosophic positive implicative filter of G.
To prove: C is a neutrosophic filter of G.
Then, putting ¢ = 7 in (ii) of the definition 3.1, we get
To(r) > min{Tc((c — (t = 7) = 7),Tc(0)
To(t) > min{Tc(oc — (1 = 7),Tc(o)}
To(r) > min{Tc(oc — 7),Tc(0)}
Similarly, we can prove for I¢, Fe.
Therefore, by the definition 2.4, C is a neutrosophic filter of G.
The adverse part can be proved by an example.

Example 3.4 Let D = {0,11,611,71,1}. The bi-fold operations are
specified by the tables (1) and (2).
Let D =
(0,[0.6,0.4,0.4]), (11, [0.6,0.4,0.4]), (511, [0.6,0.4,0.4]), (711, [0.6,0.4,0.4]), (1, [0.8,0.3,0.3])
be a neutrosophic filter of G.
Here, D is not a neutrosophic positive implicative filter.
Since,Tp(f11) = 0.4 £ 0.5 = Tp(ai1).

Proposition 3.5 Let C be a neutrosophic positive implicative filter of G
if and only if it persuades Tc(0) > Te((c = 7) = 0),Ic(0) < Io((oc —
7) = 0),Fo(o) < Fo((o = 7) = o) for all o, 7 € G.

Proof: Let C be a neutrosophic positive implicative filter of G.
Then Te (o) < min{Tc(l — (0 —» 1) = 0),Tc(1)}
=min{Tc((c = 7) = 0),Tc(1)} =Tc((c = 7) — 0)
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Therefore, To(0) > Te((c — 7) = o) for all 0,7 € G.
Similarly, we can prove for I¢o, Fe.

Conversely, suppose that To (o) > Te((o — 1) = 0)

Then, To(r) > To((t — ¢) — 7) for all o, 7,0 € G,

> min{Tc(c — (1 — ¢)),Tc(o)} [By the definition 2.4]
Similarly, we can prove for I¢o, Fe.

Therefore, C is a neutrosophic positive implicative filter of G.

Proposition 3.6 Every neutrosophic positive implicative filter of G is a
neutrosophic fantastic filter.

Proof: Let C be a neutrosophic positive implicative filter of G.
Then C is a neutrosophic filter of G. [From the proposition 3.3]
Therefore, it is enough to prove To(((c = 7) = 7) = 0) > Te(r — o).
Consider the following,
Since, 0o ((6 = 7) > 7)<o,wehavec < ((c = 7) =>7T) >0
From the proposition 2.2, we get ((c0 = 7)7) > 0 <o — T,
and also we have ((((c > 7) =>7) > 0)=>7)=>((c—>7)—>7T)—>0)
>(c—=71)= (((c=>71)—=7)—>0)
>((c=1)>71)> (0 =>T7)—>0)>T—>0
Since, 7 >0 €C,weget (¢ »7)—=7)—=0)=>7) = (0 =7)—>71)—
o) eC.
Since, C is a neutrosophic positive implicative filter, ((c — 7) = 7) = 0 € C.
Therefore, To(((0 = 7) = 7) = 0) > Te(T — o),
Ic((c—=7)—=71)—=0)<Ic(t— o)
and Fo(((c = 7) = 7) = 0) < Fo(r — o)for all 0,7 € G.
Hence, from the proposition 2.8, C is a neutrosophic fantastic filter.

4. NEUTROSOPHIC ASSOCIATIVE FILTER

Here, we put forward the conception of a neutrosophic associative filter
and confer its features with illustrations.

Definition 4.1 Let C be called a neutrosophic associative filter of a BL-
algebra G if it persuades the following,

(i) Te(o) < Te(1),Ic(o) = Ic(l)and Feo(o) > Fe(1),
(ii) min{Te(oc — 7), Tc(0)} < To(r),min{lc(oc = 7),Ic(0)} > Io(7)
andmin{Fgc(oc — 1), Fc(o)} > Fo(r),
(iii) min{Tc(oc — (1 — <p)) To(o = 1)} <Tcl(p),
min{lc(o = (1 = ¢)), Io(o = )} = Ic(p),
min{Fc(oc — (1 = ¢)), Fo(oc = 1)} > Fo(y) for all o, 7,0 € G.

Example 4.2 Let C = {0,¢11,%11,A11,1}. The bi-fold operations are
given by the subsequent tables (3) and (4).

Consider a neutrosophic set C of G:

¢ = {(0,[0.7,0.8,0.8]), (¢11,[0.7,0.8,0.8)), (11, [0.7,0.8,0.8]), (A11,[0.7,08,0.8]), (1, [0.8,0.7,0.7]) }.
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TABLE 3. ‘o’ Operation

o 0 L11 | R11 /\11 1
0 1 L11 0 0

tir [ 1] | en | ar |
k11 | 0] | 1 | k11 | K11
A1 |0 | k1| 1 | A
1 0 L11 | R11 )\11 1

TABLE 4. ' =’ Operation

— | 0| t11 | k11 /\11 1
0 1 1 1 K11 1
1 |11 1 | k1 [ A | k1
ki | 1w | 1 k1|
)\11 1 L11 1 1 L11
1 1 L11 | k11 )\11 0

It is evident that C assures the definition 4.1.
Hence, C is a neutrosophic associative filter of G.

Proposition 4.3 Every neutrosophic associative filter is a neutrosophic
filter. But, the adverse may not be true.
Proof: Let C be a neutrosophic associative filter of G.
To prove: C is a neutrosophic filter of G.
Then, taking o = 1 in (ii) of the definition 4.1, we get
To(g) = min{Te(1 = 7 — ), Te(1 — 7)}
To(p) > min{Tc (T — @), Te(r)for all 7, ¢ € G.

Similarly, we can prove for I, Fe.
Therefore, by the definition 2.4, C is a neutrosophic filter of G.
The adverse part can be proved by an example.

Example 4.4 Let D = {0,¢11,511, 11, 1}. The bi-fold operations are
specified by the tables (3) and (4).
Let D = (0,[0.7,0.4,0.4]), (¢t11,[0.7,0.4,0.4]), (k11,[0.6,0.4,0.4]), (A11, [0.7,0.4,0.4]), (1, [0.8,0.3,0.3])
be a neutrosophic filter of G.
Here, D is not a neutrosophic associative filter.
SiHCG,TD(KH) =0.6 > 0.7= TD(Lll)‘

Proposition 4.5 Every neutrosophic associative filter with respect to o
contains o itself.
Proof: Let 0 = 0, then it is trivial.
If o #£0,
Let G be a neutrosophic associative filter with respect to o.
Then, Te(o) > min{Te(oc — (1 — o)),
To(o — 1)}
Teo(o) > min{Tc(oc — 0),Tc(1)}
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Teo(o) > min{Tc(1),Te(1)}
Therefore, To(0) = Te(1). [By the definition 4.1 (i), To (o) < Te(1)]
Similarly, Ic (o) = Ic(1), Fo(o) = Fo(1).

Proposition 4.6 Let C be a neutrosophic associative filter of a BL-algebra
G if and only if it persuades To((0 — 7) — @) > To(o — (1 — @),
Ic((0 = 71) = @) < Ic(o = (1 = ¢)),
Fo((o = 7) = @) < Fo(o — (1 — ¢)) for allo, 7,0 € G. (4.1)
Proof: Let C be a neutrosophic filter of G.
Let Te((o0 = 1) = @) > To(o — (1 — ¢)).
Then, To(p) > min{Tc((oc = 7) = @), To(o = 1)}
To(p) > min{Tc(oc — (1 = ¢)),Tc(c — 7)} for all o, 7,0 € G.

Similarly, we can prove for I¢, Fe.
Hence, C is a neutrosophic associative filter.
Conversely, Let C be a neutrosophic associative filter of G.
Consider (0 — (7 = ¢) = ((0 = 7) = ¢))
=(r = ¢) = (6 = ((6 = 7) = ¢)) [From (i) of the proposition 2.2]
=(r—=¢) = (0 = 7) = (0 = ¢)) [From (i) of the proposition 2.2]
=1 € C. [From (i) of the proposition 2.2 and (v) of the definition 2.1]
Further,Tc((c = 7) = ¢) > minTc(oc — (1 = @) = (0 = 7) = @))),
To(o = (1= ¢) = min{Tc(1), To(o = (1 = ¢))} = Telo = (1 = @)
Therefore, To((0 = 7) = ¢) > To(o — (7 = ¢)).
Similarly,Ic((c — 7) = ¢) < Ic(oc = (1 = ¥)),
Fo((o = 7) = 9) < Folo = (1= ¢)) forall o,7,0 € G.

Proposition 4.7 Let C be a neutrosophic associative filter of a BL-algebra
G if and only if it persuades To(7) > To(o — (6 = 7)), Ic(7) < Io(o —
(0 = 71)),Fo(r) < Fo(o = (0 — 7)) for all o, 7,0 € G (4.2)
Proof: Let C be a neutrosophic filter of G.
To prove that C is a neutrosophic associative filter of G, it is sufficient to
verify that (4.1) and (4.2) are equivalent.
Assume that (4.1) holds. Putting o = 7 in (4.1).
To((r > 7) = 9)) = To(r — (r — ¢))
Te(1 = ¢) 2 To(r = (1 = ¢)
To(p) 2 To(r = (1= )
Similarly,Ic() < Io(T = (T = ¢)), Fo(p) < Fo(t — (T = ¢)).
Hence, (4.1) implies (4.2).
Conversely, if (4.2) holds.
The following can be considered.
(0= (r =) = (0= (0= (0 7) > ¢)))
— 15 (07 = 9) = (0 = (0 = (0 > 7) = 9)
—((ro ) (0= (= (07 = @) = (0= (7= @) > (0=
(0= (0 = 7) = )
— o) ot ) > (0= (@=T) 2 9) = (0= (0 —
(0 > 7) > ¢)))
>(c=>(tT—=¢) 2 (c=(T—p)=1eC
As(c = (1= )= (0= (0= ((c = 7)) €C,
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LetTe((c = 1) = @) > Te(o = (0 = 7) = ¢)))

> min{Tc(c = (1 = ¢)) = (c(c = (0 = 7) = @)},

Te(o = (1 — ) = min{To(1), Te(o — (T — ¢))}

— To(o = (7 > )

Therefore, T ((oc — 7) = ¢) > To(o — (T — ¢)).

Similarly, Ic((oc = 7) = ¢) < Ic(oc = (T — ¢)),

Fo((o = 7) = @) < Fo(o— (71— ¢)) for all 0,7, € G.

Hence, (4.2) (4.1).

As (4.1) and (4.2) are equivalent by the proposition 4.6, C is a neutrosophic
associative filter.

Proposition 4.8 Every neutrosophic associative filter of G is a neutro-
sophic fantastic filter.
Proof: Let C be a neutrosophic associative filter of G.
Then, by the proposition 4.3, C is a neutrosophic filter of G.
Consider
(tr—0)—= (0= (0= ((c—71)—>71)0))
=(r—>o0)=(c=>(c=1)=71)—= (0 = 0))
=(r—=0o)=2(c—=((c—=>1)—>71) =1
=(r—o0)=>(c—1)
=(r—o)—>1=1€C
which implies that (1 = 0) = (6 = (0 = ((6 = 7) > 7) > 0)) €C .
Therefore, To(((c = 7) = 7) = 0) > Te(oc = (0 = (0 = 7) = 7) = 0))
=min{To((r—>0) = (c > (c—=(c—=7)=>7)—>0)),Tc(t —0)}
=min{c(1),Tc(r — o)}
= Tc(T — O’)
Therefore,Tc(((0 = 7) = 7) = 0) > To(r — o) for all 0,7 € C.
Similarly, we can prove for I, Fg.
Hence by the proposition 2.8, C is a neutrosophic fantastic filter.

5. CONCLUSION

The study of lattice implication algebras benefits greatly from the appli-
cation of filter theory. In BL-algebras, we have put forth the conception
of a neutrosophic positive implicative and associative filters. We have also
demonstrated the neutrosophic nature of every positive implicative and as-
sociative filters. The following are our major results: (i) Every neutrosophic
positive implicative filter of G is a neutrosophic fantastic filter. (ii) Every
neutrosophic associative and positive implicative filters is a neutrosophic fil-
ter. (iii) Every neutrosophic associative filter of G is a neutrosophic fantastic
filter. In future study, both theoretical extensions and real-life applications
in artificial intelligence and decision making systems are possible.

Here, the Figure 1 given below shows the relationship between neutro-
sophic positive implicative , associative filter, and fantastic filters.
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Neutrosophic
positive
implicative filter

Neutrosophic
fantastic filter

Neutrosophic
associative filter

FIGURE 1. Relationship between the neutrosophic filters
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