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Received: 24 Dec 2024 Introduction: We propose the t-norm of the Anti-fuzzy T-subalgebra and the T-ideal of the BP-
algebra, and investigate some of their properties in this work. In addition, we define properties
of Cartesian products of Anti fuzzy T subalgebras and T-ideals of BP algebras. These are treated
Accepted: 26 Feb 2025 in detail along with other algebraic properties.
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Objectives: The primary objective of this study is to investigate the combinatorial properties of
Anti T-subalgebras and T-ideals within the framework of fuzzy BP-algebras using t-norms. The
research aims to explore and characterize their algebraic structures, including operations,
interconnections, intersections, and Cartesian products.

Methods: The concepts of t-norms can be applied to explore the algebraic properties of anti-
fuzzy T-ideals and T-subalgebras within BP-algebras. These concepts are particularly relevant in
formulating and proving theorems, lemmas, and illustrative examples related to the structure
and behavior of such algebraic systems.

Conclusions: In this study, we investigated the t-norm of Anti-fuzzy T-subalgebras and T-
ideals within the structure of BP-algebras and established several fundamental properties. We
further introduced the concept of Cartesian products of Anti-fuzzy T-subalgebras and T-ideals,
demonstrating key structural characteristics and interactions. The interconnection and
intersection of these algebraic structures were also analyzed in depth, offering new insights into
their theoretical behavior. The findings presented in this work provide a solid foundation for
future extensions and generalizations. In particular, the notions developed here can be further
explored in the context of intuitionistic Q-fuzzy sets, interval-valued Q-fuzzy sets, and Q-bipolar
fuzzy sets, opening avenues for advanced research in generalized fuzzy algebraic systems.

Keywords: Anti Fuzzy Sets (AFS), Anti Fuzzy Subset (AFSb), Anti Fuzzy T-Ideal (AFTI), Anti
Fuzzy T-Subalgebra (AFTSA).
Mathematics Subject Classification: MSC2020-zbMATH-03B52

INTRODUCTION

In 2014, Abu[1] first discussed the idea of T-Fuzzy -subalgebras of -algebras. Jefferson[2] and [3] invented L-Fuzzy
BP-Algebras in 2016 and also established the notation of FTIs in BP-Algebras in same year. In 1991, M. M. Gupta and
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Qi. J[4] investigated the idea of the theory of T-norms and fuzzy inference techniques. The concept for the 2015
concert L-FTTs in 8 —Algebras was developed by K. Raja[5]. Fuzzy d-Algberas under T-norms were developed in 2022
after R. Rasuli [6] and [7] developed the notation for fuzzy congruence on product lattices in 2021. FSA and FTIs in
TM-Algebras were defined by A. Tamilarasi and K. Megalai[8] in 2011. L.A. Zadeh and I introduced the notation for
fuzzy sets in 1965[9].

The notation on Characteristics of +-Norms under the AFTSA and Ideals in BP-Algebra is introduced in this work. It
also defines the characteristics of the cartesian product of the AFTSA and T-Ideals in BP-Algebra, and it investigates
several qualities.

BASIC CONCEPTS
Definition: 2.1 [9]
Let,X be a non-empty set. A FSb of the set,G is V: X— [o, 1].
Definition: 2.2[3]
A FS,V in a BP-algebra, G is named a FTI of,G

@ V() =V(Q)
(D) V(L +§) =min{V(QL*n) *§),Vm)},vLn,j€ G
Result: 2.3
A t-norm, T is T:[0,1] x [0,1] - [0,1]

@) (1) =1

(ii) Tl,n) < )

(i)  T(,n) = F(n,l)

(iv) (LT, §) = F(F(,n),§), VL n, i € [0,1].

ON CHARACTERISTICS OF £ -NORMS UNDER THE ANTI FUZZY T-SUB ALGEBRA AND IDEALS IN
BP-ALGEBRA

Definition: 3.1

Let, ® be the AFSb of the T-Algebra G. Then, & is christened AFTSA of, G concealed by + —norm,
F(AFTSAF(G)) iff G +n) < F{max (&), G)}},vin €.
Example: 3.1.1

Let, G = {0,1,2,3} be a set given by

* 0 1 2 3
0] 0 1 2 3
1 1 0 1 1
2 2 2 0 2
3 3 3 3 0

Then, (G,*,0) is a T-Algebra.
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Define AFSb &: (G,x,0) - [0,1] as

w (045, ifL=0
“’(L)‘{o.so, ifL#0

T(a,b) = T,(a,b) = ab,¥ a,b € [0,1] then & isFTSA T(G).
Definition: 3.2
Let,& be the AFS of a T-Algebra,G and call & € [0,1] a AFTI of,Gconcealed bythe £ —norm, F(AFTI T(G)).
€y ®(0) < ()
() G« < F{max(d(Q+n) +), b}, vinjed
Definition: 3.3
Let, & be a AFSb in T-Algebra of, G and, & as AFTI F(G)then
) ®,is AFTSA T(G).
(i) &) < d@) andd( *§) < T{max{ Tmax{H((L * n) * }),&(m)},&)(m)}}, vin,j€G
Example: 3.3.1
Let, G = {0,1,2,3} be a set given by

* 0 1 2 3
0 0 o o o
1 1 0 0 1
2 2 2 o o
3 3 3 3 o

(G,*,0) is a T-Algebra.
AFS &:(G%,0) - [0,1] as

ws (085 ifL=0
“)(]")‘{0.25, ifL#0

T(a,b) = ab = T,(a,b),¥ a,b € [0,1], then &, is AFTI T(G).
Definition: 3.4

Let, & € [0,1] and B€ [0,1]. The Cartesian product of, & and B is represented by, & x 8: G x T - [0,1] and is
represented by

(&% R)(n) = F{max{d®), 8}, vin€bx1
Proposition: 3.5

Let, ® € [0,1] and, T be idempotent . Then, & is AFTSA F(G) iff the highest tier, &, is a sub algebra of, GV T €
[0,1].

Proof:
Let, ® is AFTSAT(G), VL, n. € &,.
Then
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&L, n) < T{max{&(lo),&)(rb)}} > T(ke) = %

Thus, L * n. € &,, and so, &, ill be a SA of, G,V T € [0,1].
Converse

Let, &, is a SA of G,V £ € [0,1]

Let, ¢ = T {max{&(l.,), J)(m)}} and L, 1. € @,.
As @, isaSAof G, sol*n € &, and thus, ®(L,n) < t= T {max{(B(L), &)(m)}}

Then, & is AFTSA T(G).

Proposition: 3.6

Let, o be a algebra of a T-Algebra G, and Se[0,1] such
SQL) = {t ‘f b€ %since, t € [0,1]. If, T be idem then, § is AFTSA T(G).
0,if L#S
Proof
W.KT, & =S8,
Let,l,n€G
()  Letln€dthen,L*n €Sandso

Blen) =< £= T = F{max{dW), b}
(i) Let, . € Sand n ¢ S then, &(L) = tand, &(n) = 0 and so
Bl xn) < 0= T(50) = F{max{B®), G}

that

(i) If,lL ¢ Sandn € Sthen, G(L) = 0 and H(n) = tand so, d(L*n) < 0 = F(0,%) = T{max{&)(la), J)(no)}}

(iv) Let, L ¢ Sand n ¢ S then, &(L) = 0 and &(n) = 0 and so, &L *n) < 0 = F(0,0) = T{max{&)(la), J)(no)}}

Thus (i) and (ii) we get, & is FTSA T(G).
Proposition: 3.7
Let, £ be a AFTSA T(G)and i be a AFTSA T(I). Then, & x 7} in AFTSA G under £ —norm, F(AFTSA T(G x 1)).
Proof:
Let, (by,1v1), (b, 1) € G x 1.

Then, (3 X ﬁ)((lopnq) * (Lz’noz)) = £ X N(by, 1y, by, 1)

=T {max{}(Ll * 1), (g * noz)}}

IA

T{ Fimax (), 00}, Fmax(f(n), Aw))}}

T { T {max (ﬁ(Ll), ﬁ(nal))}, T{max(£(L,), ﬁ(mz))}}

T {max{(§ X ﬁ)(lop Te1), (5 X ﬁ)(laz: naz)}}

SEXA)(Gyng) «Qyny)) < T {max{(% X1) by, 1), (X A) (s, n,z)}} and so, ¢ x 1) in FTSA T(G x ).

Proposition: 3.8
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Let, £ be a AFTI T(G) and fibe AFTI T(1). Then, (¥ x f)be a AFTI, G under £ —norm, T(AFTI T(G x ).
Proof:
1) Let, (L,n) € Gx T
Then, (¢ x 7)(0,0) = T {max{#(0),(0)}}
< T{max{‘é(]o).ﬁ(]o)}}.

(i) (3 X ﬁ)((laph) * (Lph)) = (5 X ﬁ)(lq * Lo, §1 % §2)
< T{maX({:é((h * by ) * }1),171((1’2 * by ) * iz)}), ({g(ml)’ﬁ(n"Z)})}
= T{max ({("5 X A) (g * 101) * 31, (b * 1) * §2) 1 (8 X 1) (g, naz))}

(Ex R) (i) * (i) < F {mae ({(& X B)(Qr +1) 1, (b #1) +52)}, (8 X F) (o 1))}
Therefore (i) and (ii), (¢ x ) be a FTI T(G x ).

Proposition: 3.9

Let, ¢ € [0,1]¢ and A} € [0,1]". If, (¢ x %) be a AFTI F(G x T) then at least one of the following two statements
must be satisfied

(1) £(0) < (L) then either,7(0) < ¢(L)or 1(0) < A(n), forallL € Gand n. € 1.
(i) #(0) < R(n)then either,#(0) < f(n)or £(0) < (L), foralllL € Gand n. € 1.

Proof:

) Let none of the statement (i) and (ii) holds, then, (1,n.) € G x Ist,#(0) < £(1) and 7(0) < A(n.).
Thus

(ExR)n) = Flmax (£0), 7))}
< *{max (¢0),7(0))}
= (¢x1)(0,0)

and its contradiction with, (# x }) be a FTI T(G x 1).

(i) Let, 1(0) > N(n) such that, (L,n) € G x 1
We have, £(0) > f(n.) and £(0) > A(L).
S0, 7(0) < A(n) < €(0) and, ¥(0) = F{max (1), A(n))}
Thus

(ExA)bn) = T {max (60, 50))})
< T {max (£0),7(0)}
=1(0)
= 7 {max (£0),7(0))}
= (#x1)(0,0)

and it is contradiction with, (& x ) be a AFTI F(G x 1).
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