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1. Introduction

Theory of semigroup with one operation in univesal algebra, initiated in the 20 th cen-
tury [[4]. In the real world, a purely mathematical set alone is not of much use, and having a
weight for each element in this set is a necessity. Combining algebraic structures as system-
atic systems in the form of sets with labeled and weighted elements can be used as precise
complex networks with many applications in the real world. Therefore, in addition to alge-
braic structures, it is necessary to have collections that can create indexes or weights in the
elements of these structures. Fuzzy set theory which is inserted (in this regard) by Zadeh [25]
is a generalization of crisp sets. Based on this concepts, Kuroki [12,13], presented the fuzzy
semigroup and fuzzy ideals in semigroups and delineated them and later was extended by
Mordeson et al. [IR]. In [25], the substructures prime, strongly prime, semiprime and irre-
ducible fuzzy bi-ideals of a semigroup were expressed by Shabir, Jun and Bano. The related
notions of fuzzy bi-ideals [T, 14, 27], intuitionistic fuzzy sets [[], intuitionistic fuzzy general-
ized bi-ideal of a semigroup [9] and intuitionistic fuzzy bi-ideals and intuitionistic F. I [i],
are mentioned in the bibliography. Today, some research are investigated in these scoups

such as hesitant bifuzzy set (an introduction): a new approach to assess the reliability of
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the systems [4], B. F. I of d-algebras [6], singlevalued neutrosophic filters in EQ-algebras [6],
EQ-algebras based on fuzzy hyper EQ-filters [§], F. I and F. F on topologies generated by
fuzzy relations [24] and rough bipolar F. I in semigroups [[7]. In this work, we inspected
some assets of fuzzy algebraic structures, by using norms, defined fuzzy subsemigroups as
FST(S), F. 1 as FIT(S), fuzzy bi-ideals as FBIT(S), bifuzzy subsemigroup as BFSN(S),
B. F. I as BFIN(S), bifuzzy bi-ideals as BFBIN(S), of semigroup S. In addition, we by
using norms, define the novel concept fuzzy (1,2)-ideal of S as F'(1,2)I7'(S) and bifuzzy (1,2)-
ideal of S as BF(1,2)IN(S) and we prove that U = (&5,05) € BF(1,2)IN(S) if and only if
& € F(1,2)IT(S) and 95 € F(1,2)IT(S). Also we show that U = (£&5,05) € BF(1,2)IN(S)
if and only if AU = (&5, &5) € BF(1,2)IN(S) and O = (955, 05) € BF(1,2)IN(S). Aldo we
show that for any given U = (&;,05) € BF(1,2)IN(S) and B = ({p,0B) € BF(1,2)IN(S),
UNB € BF(1,2)IN(S). Finally we prove that under some conditions U = (&s,05) €
BF(1,2)IN(S) <= U = ({,05) € BFBIN(S). In final, we investigate image and pre-
image of FIT(S), FBIT(S), BESN(S), BFIN(S), BFBIN(S), F(1,2)IT(S), BF(1,2)
IN(S) under homomorphisms.

2. Peliminaries

Lemma 2.1. [I5,19] As S = (S,*) be a semigroup so for all a € S, S is completely regular
iff a € a®Sa®.

Definition 2.2. [3,[] Let O # () be a set. Define
(i) U = {(z,8(x)) : x € O} is a fuzzy subset of O, which & : O — [0,1] ( d € [0,1]°).
For any k € [0,1], U(Q;k) = {z € O : 8(z) > T""} is a upper level cut set and
L(0;k) ={x € O :0(x) <T""} is a lower level cut set.
(i) U = {(x,d5(x),d5(x)) | * € O} is a bifuzzy subset of O, which 8,05 € [0,1]° and
for all z € O we get 0 < 05(x) + Is(x) <1 (U € BF(O)).

Definition 2.3. [2] Let I,m,n € T = [0, 1].
(i) triangular norm is a map 77" : Z X Z — I, by T""(1,1) =1, T™"(l,m) < T""(l,n)
if m <n, T""(l,m) = T"" (m,n) and T"" (1, T"°"(m,n)) = T (T""(I,m),n).
(79) triangular conorm is a function C*" : Z x I — Z, by C®“"(,0) = I,
con(l,m) < C*(I,n) if m < n, C°*(l,m) = C°"(m,l) and C"(I,C"(m,n)) =
ceor(cern(l,m),n).

Definition 2.4. [20,21] Let 9 € [0,1]° and z,y,w € S.

(1) 0 is a fuzzy subsemigroup of S regarding 7"°", if d(xy) > T™"(0(z),0(y))( 0 €
FST(S)).
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(17) 0is a F. I of S regarding T™°", if (1) d(zy) > T™°"(d(x),d(y)), (2) d(zy) > d(y), (3)
O(zy) > 0(x) (0 € FIT(9)).
(797) O is a fuzzy bi-ideal of S regarding 7"°"-norm 77°" if, (1) d(xy) > T"°"(d(x),d(y)),
(2) 8(zwy) = T""(0(x),0(y)) (0 € FBIT(S)).

Definition 2.5. [20,21] Let U = (3¢5, 0;5) € BF(S). Then U is a

(7) bifuzzy subsemigroup of S regarding 77" and a C°", if, (1) Os(zy) >
T (05(2), 05(y)), (2) Os(zy) < C™(9s(2), ds(y)) (0 € BESN(S)).

(77) B. F.Iof S regarding 7"°" and C", if (1) Oy (xy) > T (0i5(z), 0i5(y)), (2) Os(zy) >
055(2), (3) Bus(zy) = Be5(y), (4) ds(xy) < C™(Ip5(x), Fs(y)), (5) Ius(xy) < os(y), (6)
Is5(zy) < Os(x) (U € BFIN(S)).

(#i7) bifuzzy bi-ideal of S regarding Tmer and ceon, if it
satisfies: (1) Os(zy) = T (0s(x),06(y)), (2) Os(zwy) = T (Bs(x),05(y)), (3)
O (wy) < C™(0s(x),05(y)), (4) O(xwy) < C"(Os(x), 0s(y)) (O € BFBIN(S)).

3. Results On BFBIN(S)

In this section, we investigate some properties of BFBIN(S), BFIN(S) and obtain the
relation beween of them. Let U = (0, 05), B = (0p,0p) € BF(O). Then U N B = (3¢5, 05) N
(0p,0B) = (05N 0p,05 NOB) = (OvnB, O5nB) is a bifuzzy subset, which 5N B: S — [0,1]
will be defined by (351 B)(s) = (B (). e (5)) = (T (es(s), D), O (Do), D (5))
with s € S.

Theorem 3.1. Let U = (9y,95) € BFBIN(S) and B = (03,05) € BFBIN(S.) Thus
UN B e BFBIN(S).

Proof. Let p,q,r € O. Then

duns(pg) = T (s(pg), 9p(pg)) = T (T (35(p), 9 (q)), T (B5(p), 95(q)))
= T (T (di5(p), 05(p)), T (Dr5(q), 05(q))) = T (Disnp(p), dns(q))-

In a similar way, one can see that

Jsns(prq) = T (Ouns(p),0vnB(q)), dunslpa) <  C“"(Oona(p),duns(q)) and
Osnp(prq) < C°"(Osnp(p), Ovnp(q)). Therefore, we get that UN B € BEFBIN(S).

Example 3.2. Let S has a zero and

x ife=y
THY =
0 otherwise
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and assume that |S| > 2, where |S| denotes the cardinality of S, then (S, ) is a semigroup.
Define U = (05, 05) € BF(S) and B = (0p,0p) € BF(S) as

{0.55 if 2 =0 {0.35 ifz=0

a = ’ a =
(@) o(@) 0.15 otherwise

0.2 otherwise

045 ifx=0 025 ifx=0
Op(x) = ,0p(x) =
5(@) { 0.1 otherwise B (@) { 0.05 otherwise

T (u,z) = 17" (u,2) = min{u,z} and C"(u,z) = C5"(u,z) = max{u,z}, for all
u,z € Z. Then U = (6(;,8(5) S BFBIN(S) and B = (53,83) S BFBIN(S) and
N B e BFBIN(S).

Corollary 3.3. (1) If {U;}ie; € BFBIN(S), then U = (| U; € BFBIN(S).
i€l
(2) If {Ui}ier € BFSN(S), then U = [ U; € BFSN(S).
el
Theorem 3.4. Let 0 € FBIT(S). Then BU = (3y5,05) € BEBIN(S), which 0 = 1 — 0.
Proof. Let r,s,t € O. Since U = (055,0;5) € BFBIN(S), we get Oi5(rs) > T (05(r), 0i5(8))
and Oy (rts) > T (05(r), Oi5(s)). Now

Jps(rs) = T (Tus(r), 0u(s)) = —0u(rs) < =T""(Tes(r), Tus(s))
= 1-0y(rs) <1 —T""(d5(r),05(s)) = (rs) < C(1 — (), 1 — is(s))
= Op5(rs) < C™(Di5(r), 05(5))
and
Ji(rts) > T (B(r), Bos(s)) = —Ts(rts) < —T" (Bes (), Tos())
= 1—0p(rts) <1—T""(Bp(r),055(s)) = Tos(rts) < C"(1 = Bys(r), 1 — s (s))
= Op(rts) < C™(Ds(r), Oi5(5)).

Therefore, BU = (d¢5,055) € BFBIN(S). g

We recall that 7" and C°°" are idempotent, if for any t € Z,T""(¢,t) =t and S(t,t) = t.

Theorem 3.5. Let U = (05, 0;5) € BFBIN(S). If T™" and C°" are idempotent which S is
completely reqular, then U(s) = U(s?) with s € S.

Proof. Assume s € S. Since S is completely regular, using of Lemma P, there exists x € S

so s = s?xs?. Now

Tp5(s) = Os(s%as?) > T (0i5(s%), 05(%)) = Dis(s?) = Dws(s8) = T (Bis(5), Ts () = Tus(s)
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and so J5(s) = Ip5(s2). Also 9;(s) = O (s2ws?) < C(95(s%), Oi5(s2)) = Op5(s%) = I5(ss) <
C™(D5(s),05(s)) = I5(s) and so Oy5(s) = Oi5(s?). Thus, we get that U(s) = (I5(s), () =
(Bi5(5%), 95(5%)) = B(s*). o

Theorem 3.6. Let U = (05,05) € BFIN(S). If T™" and C®" are idempotent and S is an
intra-regular, then for all a € S, U(a) = U(a?),

Proof. Suppose a € S. Since S is an intra-regular, find 2,y € S so a = za’y. Then dy(a) =
Os(wa’y) > dp(a’y) > p(a®) > T (5(a),05(a)) = Oi(a) thus d(a) = O(a?). Also,
Os5(a) = Os(za’y) < Os(ay) < ds(a?) < C(Ds(a),ds(a)) = ds(a), so Is(a) = i(a?).
Therefore, we get that U(a) = (Ji5(a), d5(a)) = ((a?), ds(a?)) = UB(a?). g

Theorem 3.7. Let U = (05,05) € BFIN(S). If T™" and C™ are idempotent and S is an
intra-regular, then for all a,b € S, U(ab) = U(ba).

Proof. Let a,b € S. Using Theorem B8, we have that 0;5(a) = 0¢5(a?) and d(a) = d5(a?). Tt
follows that O (ab) = di5((ab)?) and ds(ab) = ds((ab)?). Thus

5(;(&[)) = 61;((@6)2) = 5z;(abab) > 5(;(()(1()) > 6(;(5&)
= 0y5((ba)?) = 95 (baba) > Fis(aba) > Bi5(ab)

then 0y (ab) = O5(ba). In addition,

d5(ab) = di5((ab)?) = I (abab) < Oy (bab) < dy5(ba)
= Oi5((ba)?) = d(baba) < ;5(aba) < d;(ab),

then O (ab) = Oi5(ba). Thus, we get that O(ab) = (05(ab), d;5(ab)) = (0i5(ba), O (ba)) = B(ba).
|

Theorem 3.8. Let U = (0y5,05) € BF(S). Then U = (055,05) € BFIN(S) if and only if
Op € FBIT(S) and 05 € FBIT(S).

Proof. Let U = (0y5,05) € BFIN(S). Then for all f,g,h € S, we get that O5(fg) >
T (055(f), 05(g)) and Oi5(fhg) > T (05(f), 05(g)) which mean that 0y € FBIT(S). Also

Is5(fg) < C(0s5(f), 0s(9)) = —0s(fg) = —C"(05(f), 9s5(9))
= 1-05(fg) = 1—C(0s5(f),05(9)) <= ds(fg) =T (1 = 95(f),1 — ds(g))
<= I5(fg9) = T (05(f), 055(9)),
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thus 95(fg) = T (9 (f), Fs(g)). Also

Il

I5(fhg) < C(0is5(f), 05(9)) == —0s(fhg) > —C"(Is(f), 0s(9))
= 1-05(fhg) = 1= C(9s(f),05(9)) <= ds5(fhg) = T"" (1 — ds(f),1 = Bs(g))
< Os(fhg) = T (05(f), 05(9)),

then d;5(fhg) > T (95(f), 05(g)) and so O € FBIT(S).
Conversly, let 05 € FBIT(S), 05 € FBIT(S) and f,g,h € S. As 0y € FBIT(S) so
3i5(fg) = T (B (f), Bus(9)) and Fis(fhg) = T (B (f), Tis(9))- Since s € FBIT(S),

ds(fg) = T (3s(f), Fi5(9)) <= —s(fg) < T (I55(f), I5(9))
= 1-0s(fg) <1 -T""(95(f), d5(9)) == 95(fg) < C"(1 = ds(f),1 — Ii5(9)
= (fg) < C(s(f), 0s(9)),

thus 9(fg) < C"(05(f), Os(g)) and

ds(fhg) > T (9s(f), 0s(9)) <= —0s(fhg) < =T"(9s(f), ds(g))
= 1-0(fhg) < 1=T""(3s5(f), 0s(g)) <= d5(fhg) < C«"(1 = di5(f),1 — dus(9)
> 0(fhg) < C"(95(f), 0i5(9)),

so O5(fhg) < C(O5(f),05(g)). Therefore, we conclude that U = (3¢5, 05) € BFIN(S).

4. Bifuzzy(1,2)-ideals of subsemigrous and norms

In this section, we define the notation of bifuzzy(1,2)-ideals of subsemigrous regarding norms
and study their properties. In [26], F. Wang, introduced the concepts of fuzzy subsemigroups
and fuzzy (1,2)-ideal in semigroups an in special case. In what follows, we introduce the fuzzy
(1,2)-ideal and bifuzzy (1,2)-ideal of semigroups regarding any arbitrary triangular norms and

any arbitrary triangular conorms.

Definition 4.1. Let 0 € Z7° and z,y, z,w € S. Then
(1) 0 is a fuzzy (1,2)-ideal of S regarding 77" if, (1) d(xy) > T""(d(x),0(y)), (2)
o(zw(yz)) = T""(8(x), T""(8(y),0(2))) (@ € F(1,2)IT(S)).

(73) A bifuzzy set U = (05,05) € BF(S) is a of S regarding 77" and C", if (1)
Ops(xy) = T (Os(x),055(y)) (2) Os(rw(yz)) = T (B (x), T (B5(y), 05(2))) (3)
Os(xy) < C"(0s(x), 9(y)) (4) Ops(zw(yz)) < C(Ips(x), C«"(Ii5(y), O ( ) @ €

BF(1,2)IN(S)).

Mohammad Hamidi and Rasul Rasuli, Normed-Bifuzzy Valued-ldeals of Semigroups



Neutrosophic Systems with Applications, Vol. 20, 2024 51
An International Journal on Informatics, Decision Science, Intelligent Systems Applications

| s |
—

Example 4.2. Let S = {—2, —4, -6, —8}. Then (S, *) is a semigroup and d € Z° as follows:

« | -2 -4 —6 -8 .

0.1 ifb=—2
222 22 0.2 ifb=—4

. 1 = —
4|2 4 6 -2 ,90b) = .

0.3 ifb=-6
6| -2 6 -6 -4 _

04 ifb=-8
8|2 4 8 -4

and for all u,z € Z, T""(u,z) = T} (u,2) = uz. Clearly, 0 € F(1,2)IT(S). Also define
0= (60,8@) S BF(S), which

0.3 ifb=—2 04 ifb=—2
05 ifb=—4 0.2 ifby = —4

6 b) = 78 b) = )

5(b) 02 ifp——g B0 06 ifb=—6
06 ifb=—8 01 ifb=—8

T (u, z) = T (u, 2) = uz and C°"(u,z) = C;"(u, 2) = u + z — uz, for all u,z € Z. One

can see that U = (0, 0;5) € BF(1,2)IN(S).

Theorem 4.3. Assume U = (05,05) € BF(S). Then U = (05,05) € BF(1,2)IN(S) if and
only if 3 € F(1,2)IT(S) and 05 € F(1,2)IT(S).

Proof. Let i,j,k, € S and U = (3,0s) € BF(1,2)IN(S). Then dy(ij) > T (F(i), 35(5))
and 3s(ik(jm)) > T (B (i), T (B (j), dis(m))) and so s € F(1,2)IT(S). Since U =
(35, D) € BF(1,2)IN(S),
I (1k(jm)) < C"(05(i), O (j)) = —0u(ij) = —C“"(9(i), 95(7))
= 1= 0s(ij) > 1 = C"(9s(4), 0i5(4)) = T"" (1 — G5 (i), 1 — F5(5))
= O (ig) = T (905 (i), 955(5))

and

(i) < OO (1), O (85 (4), Dis(m))) = =B (ik(jm)) = —C(85(i), C«"(05(7), D5 (m)))
= 1= 0p(ik(jm)) =2 1= C(3s(i), C“" (05(7), Os(m)))
= T (1 — B (i), 1 — C™(Dp5(j), Bis(m))) = T (1 — B5(i), T (1 — D5 (4), 1 — Bs(m)))

= s (ik(jm)) > T (9s(i), T (95 (5), Dis(m))).-
Therefore, 95 € F(1,2)IT(S).
Conversly, let 0 € F(1,2)IT(S) and 0 € F(1,2)IT(S) then d;(ij) > T (dis(i), 05(5))
and Oy (ik(jm)) > T (0 (i), T"" (015 (5), 05 (m))). Also
Fs(ig) = T (9es(i), 05 (5)) = T (1 = D (i), 1 — D5 () = 1 — D (i) = 1 = C“"(u5(), D5 ()
= —0s(ij) =2 —C“"(9(1), Oi5(7)) = O(if) < C(9p5(1), O5(4))-
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Thus, 0;(ij) < C™(05(i),05(j)) and

0 (ik(jm)) = T""(9s(i), T"" (95 (4), Os(m)))
=T""(1 = 9p(), T"" (1 = 05(4), 1 = Bis(m)))
=T (1 = 0s(i), 1 = C“(955(j), Os(1m)))
= 1= 0s(ik(jm)) = 1 = C"(9s(i), C“"(5(4), s (m)))
= —0s(ik(jm)) = =C" (95 (i), C“" (05(4), Is(m)))
= Op(ik(jm)) < C“"(0s(1), C"(9i5(5), Oos(m))).-

Hence, O (ik(jm)) < C™(0s(i), C"(055(j), 05(m))) and so U = (05, 05) € BF(1,2)IN(S).

O

Theorem 4.4. Let O = (35, ds) € BF(1,2)IN(S). Then U = (3, ds) € BF(1,2)IN(S) if
and only if AU = (35, 05) € BF(1,2)IN(S) and 70 = (0, 05) € BF(1,2)IN(S).

Proof. Let u,v,z,w € S. If U = (0y5,05) € BF(1,2)IN(S), then 0 (uv) > T™" (d5(u), 0(v))
and Oy (uw(vz)) > T (3 (w), T (O5(v), 05(2))) and

Oy (uw(vz)) > T (d5(u), 05(v)) = —0(uv) < =T (05(u), O5(v))
= 1—0y(uv) <1—T" (35 (u), 05 (v)) = C"(1 — Tps(u), 1 — Tes(v))
= Oy (uv) < C(O5(u), O5(v))

and so Ogs(uv) < C(5(u), O5(v)). Moreover,

Iy (uw(vz)) = T (O (), T (015 (v), 015(2)))

= —Op(uw(vz)) < =T"" (T (u), T (O5(v), 05(2)))

= 1 =0y (uw(vz)) < 1 —T""(0p(u), T (0s(v), 05 (2)))

= C"(1 = 0(u), 1 = T (05(v), 05(2))) = C"(1 — Tps(u), C“" (1 = Tps(v), 1 — Bi5(2)))
= Op(uw(vz)) < C"(Ts(u), C«"(Tp5(v), Bus(2))),

thus Oy (uw(vz)) < C(Ts5(u), O (d5(v), di5(2))). Hence, we give that AU = (Jy5, 05) €
BF(1,2)IN(S). Now, we prove that vO = (J5,05) € BF(1,2)IN(S). As U =
(05,05) € BF(1,2)IN(S), then Jys(uv) < C"(0s(u),d5(v)) and I(zw(vz)) <
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C(05(u), C™(Os5(v), O5(2))) and then

Il

I (uv) < C(0s(u), Oi5(v))

= —0s(uv) = —C"(9s5(u), ds(v))

= 1 —0s(uv) > 1 — C(0s(u), 0s(v)) = T"" (1 — ds(u), 1 — Os(v))
= Jp(wv) > T (s(u), s5(v)) andsodes(uv) > T (95 (u), 0 (v))

Also

I (uw(vz)) < C"(0s(u), C"(95(v), Oi5(2)))

= —0Os(uw(vz)) = —C" (O (u), C“"(0i5(v), 95(2)))

= 1= Os(uw(vz)) 2 1 — C“"(Ip(u), C“"(955(v), 0s(2))) = T (1 — s (u), 1 — C“"(Ors(v), 955(2)))
=T""(1 = Op(u), T"" (1 = Os(v), 1 = 955(2)))

= J(uw(v2)) > T (I (u), T (9i5(v), 05(2)))-

Thus, O(uw(vz)) > T (O (u), T (95(v), ds5(2))). Hence, we get that 7O = (3i5,05) €
BF(1,2)IN(S). g

Assume S be a semigroup and ) # B C S. We recall that B is a (1,2)-ideal of S, if for
every x,y,z € B and for every w € S,zw(yz) € B.

Theorem 4.5. Let U = (0y5,05) € BF(1,2)IN(S) and T and C" be idempotent. Then
for all T™" € [0, 1], U(O5;t) and L(Op;t) are (1,2)-ideal of S.

Proof. Let xz,y € U(Oy;t). Then, 0p(zy) > T (05(x), 05(y)) > T7"(t,t) =t and so xy €
U(0y;t) and U(95;t) # 0. Let z,y, 2 € U(Oi5;t) and w € S. Then

Bs(aw(yz)) > T (@G (a), T @ (y), 0s(2))) > T (¢, T (8, 1)) = T""(t,1) =t

and so zw(yz) € U(dy;t). It follows that U(dy;t) is a (1,2)-ideal of S for all 7" € [0, 1].
Similarly, if z,y € L(0p;t), then J5(zy) < C™(0s(x),05(y)) < C"(t,t) = t. Hence,
xy € L(Oy;t) and L(Oy;t) # (0. Let z,y,2z € L(95;t) and w € S. Then

Os(zw(yz)) < C (I (), C(s(y), Os(2))) < O (¢, C"(L, 1)) = O (¢, 1) = ¢

Thus, zw(yz) € L(0y;t) and so L(dy;t) is a (1,2)-ideal of S for all 7" € [0,1]. g

Corollary 4.6. Let U = (0p,05) € BF(1,2)IN(S) and a € S be a fized element. Then
M={x € O:0;5(x) >05(a)} and N ={x € O: 0s(x) < ds(a)} are (1,2)-ideal of S.

Mohammad Hamidi and Rasul Rasuli, Normed-Bifuzzy Valued-ldeals of Semigroups



Neutrosophic Systems with Applications, Vol. 20, 2024 54
An International Journal on Informatics, Decision Science, Intelligent Systems Applications

Il

Theorem 4.7. Let J C S and U = (05, 05) € BF(S) defined by

_J oo ifaeJ _J oo ifagJ
86(@_{01 ifad J 7(9U(a)_{cl ifa€eJ

for all a € S and co,c1 € [0,1] so cog > ¢1 and T™" and C°" be idempotent. Then U =
(05, 05) € BF(1,2)IN(S) if and only if J = U(Ow5;¢c0) = L(055; o) be a (1,2)-ideal of S.

Proof. Let J = U(0;c0) = L(Oi55¢0) be a (1,2)-ideal of S. Since ¢g > ¢1 so ¢1 = T (¢1, co)
and cg = C"(cy, ¢p) for x,y € S, we have the follwing conditions:
(a) Assume x € J with y ¢ J, so zy ¢ J and Op(zy) = ¢ >
Tror (@5 ), Bos(y)) and A(y) = co < e = C ey, o) = C (Do), Dos(y).
(b) As ¢ J that y € J, thus zy ¢ J and so Op(zy) = ¢ >
" (05(x), 055(y)) and ds(zy) = co < cg = C“"(co, c1) = C“" (O (@ ) 95 (y))-
(¢) Assume x ¢ J which y ¢ J, hence zy ¢ J then Oys(zy) = ¢1 > ¢
T (O5(x), 05(y)) and I(xy) = co < cg = C(co, co) = C"(Fs(x ) 05 (y ))
(d)
T (O5(x), 05(y)) and Os(zy) = c1 < ¢1 = C(c1,¢1) = C(Os5(x), Oi5(y)). Thus from (a)-
(d) we get that Op(xy) > T (05(x), 0i5(y)) and Os(xy) < CO(O5(x), Os(y)) for all z,y € S.
Now, let x,y, z,w € S and we investigate the follwing conditions:
(a) As z € J and y, z ¢ J, thus, zw(yz) ¢ J. Hence,

Suppose x € J with y € J, hence zy € J and so Oy(zy) = co > ¢g = T (co, o) =

Os(zw(yz)) = c1 = c1 = T""(co, c1) = T (o, T (c1, 1))
= T"" (05 (x), T"" (355 (y), 055(2))) and I (zw(yz)) = co < co = C“"(c1, ¢o)
= C"(c1,C"(cp, ) = C(O5(x), C"(05(y), O5(2))).

(b) If y € J and x, z ¢ J, then, zw(yz) ¢ J. Hence

Os(zw(yz)) = c1 > c1 =T"" (c1, ¢0) = T (T (c1, ¢1), o) = T (T (O (), 065(2)), O (y))
=T (O (), T" (05(y), 005(2))) and d(zw(yz)) = co < co

= 0" (co, c1) = C(C(cg, cp), c1) = C™(C"(Dy5(), D5(2)), D5 (y))

= C"(0y(x), C"(05(y), 05(2)))-

(c¢) Assume z € J and z,y ¢ J, so, zw(yz) ¢ J. Thus,
Os(zw(yz)) =c1 > 1 =T (c1,¢0) =T (T (¢1, 1), o)
= T"(T" (05 (), 055(y)), Oe5(2)) = T (Ows(2), T (B55(y), 065 (2))) and
I (zw(yz)) = co < cg = C(co,c1) = C(C™(co, o), 1)

= O (O (D5 (x), B (y)), O (2)) = C(D(w), O (s (y), Dos(2))).
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(d) Suppose z,y € J such that z ¢ J, then, zw(yz) ¢ J. Hence,
Os(zw(yz)) =c1 > c1 =T""(c1,c0) =T (e1, T"" (co, o))
=T""(0v5(2), T (05 (), O (y))) = T (O (), T (05 (y), 05 (2))) and
Os(zw(yz)) = co < cg = C"(cp, c1) = C(co, O (c1,¢1))
= C(0y(2), C"(0i5(x), D5 (y))) = C"(0s(x), ™ (05(y), O5(2)))-
(e) As x,z € J and y ¢ J, hence, zw(yz) ¢ J. It follows that
Os(zw(yz)) =c1 > c1 =T""(c1,c0) =T (e1, T"" (co, o))
=T""(0u(y), T (0us (), 05(2))) = T (O (), T (05 (y), 05 (2))) and
Os(zw(yz)) = co < cg = C(cp,c1) = C"(co, O (c1,¢1))
= C(0s(y), O (9s(x), 05(2))) = C"(0(), C"(05(2), O (y)))-
(f) Assume y, z € J with x ¢ J, then, zw(yz) ¢ J. Thus,
Os(zw(yz)) =c1 > c1 =T""(c1,¢0) =T (e1, T (o, c0)) = T (O5(x), T (05(y), O5(2))) and
O (zw(yz)) = co < cog = C(cp,c1) = C(co, C" (1, 1)) = C(O5(x), C (O5(y), D5(2))).
(7) Suppose z,y, z € J hence, zw(yz) € J. So
O (zw(yz)) = co > co = T""" (o, o)
= T""(co, T"" (co, co)) = T"" (Bes(2), T"" (055 (y), Ous(2))) and
Os(zw(yz)) =c1 < g = C%(cy1, 1)
= C(c1, O (c1, 1)) = C“(0s(x), C“"(05(y), O5(2)))-
(h) If z,y,z ¢ J then, zw(yz) ¢ J. Hence,
Os(zw(yz)) =c1 > c1 =T""(c1,¢1)
=T""(c1,T"" (c1,¢1)) = T (Op5(x), T (015(y), 0i5(2))) and
Os(zw(yz)) = co < cog = C"(co, o)
= C“"(co, C“"(co, c0)) = C"(0s(x), C“"(05(y), Oi5(2)))-

Therefore, fram (a)-(h), we get that Op(zw(yz)) > T (0p(x), T (05(y), 05(2))) and
8z;(xw(yz)) < CCO"(&;(w), Ccon(ﬁzs(y),az;(z))). Thus, U= (61;, 8(5) S BF(l, 2)IN(S) 0

Theorem 4.8. Let U = (05,05) € BF(1,2)IN(S) and B = (0p,0p) € BF(1,2)IN(S.) Then
UN B e BF(1,2)IN(S).
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Proof. Let e, f,w € O. Then

dunp(ef) =T (Os(ef),0p(ef)) = T (T (ds(e), 0u(f)), T (05 (e),05(f)))
= T"" (T (355 (e),0(€)), T (05(f),08(f))) = T (dsns(e), Oons(f));
thus 5(5(73(6]0) 2 an(ﬁUQB(e), 5UQB(f)) Also
Ounp(ew(fz)) =T (B (ew(f2)), 0p(ew(f2)))
> T (T (@s(€), T (95 (£), 05(2))), T"" (B (€), T"" (D5 f)), 05(2)))
=T (T (D (e), 0 (e)), T (T"" (B (f), 05 (2)), T (B (£)), 05(2))))
= T (T (3 (€), D (€)), T (1™ (35 (£), D(F)), T (B5(2)), 3(2)))
=T""(OvnB(e), T"" (O5nB(f), 0vnB(2))).

so Opnplew(fz)) = T (dpnp(e), T (Ovna(f), Ovnp(2))). Since

dnp(ef) = C«(ds(ef), Ip(ef)) < O (C(D(e), (1), O (9p(e), Dp (/)
= C™(C*™ (s (e), Dp(e)), C™ (s (£), DB(f))) = C“"(Burp(e), Dona(f)),

so Ovnp(ef) < C(Osnm(e), OsnB(f)). As

Ionp(ew(fz)) = C"(Is(ew(fz)), Oplew(fz)))

< CeM(CM(Drs(e), CM(Bes(f), D (2))), C™ (DB (€), O (OB (f)), OB (2)))
= C"(C"(0is5(e), Op(e)), C"(C™(Fi5(f), O5(2)), O™ (0B(f)), OB(2))))
= C(C™(8s5(e), D (€)), COM(C™(8s(f), OB(y)), C(85(2)), 85(2))))
= C“"(9vns(e), C“"(Ovns(f), dsnB(2)))

so Opnp(ew(fz)) < C°"(Isnp(x), C°"(Osna(f), O5nB(2))). Therefore, we get that U N B €
BF(1,2)IN(S). g

Example 4.9. Let S = {-10,—-20,—-30,—40,—50,—60}. Then (S, %) is a semigroup and
0 € I as follows:

* —-10 —-20 —-30 —40 -50 —60 . )

0.1 ifp=-10
-0} -10 -10 -10 -40 -10 -10 .

0.2 ifp=-20
20 -10 -20 -20 -40 -20 -20 .

0.3 ifp=-30
30| -10 20 -30 -40 -50 -50 ,9(p) = ]

0.4 ifp=-40
-40 | -10 -10 -40 -40 -40 -40 .

0.5 if p=-50
-50 | -10 -20 -30 -40 -50 -50 .

0.6 if p=—-60
-60 | -10 -20 -30 -40 -50 -60
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and for all u,z € Z, T""(u,2) = T (u,2) = uz. Clearly, 0 € F(1,2)IT(S). Define U =
(5(5,3(5) € BF(S) and B = (53,33) € BF(S) with

0.3 itp=—10 04 iftp=—10
0.5 if p=—20 0.2 if p=—20
0.2 if p=—30 0.6 if p=—30
6 = ,8 — )
o(p) 0.6 if p= —40 o(p) 0.1 if p=—40
04 if p=—50 0.3 if p=—50
| 01 ifp=—60 | 0.7 ifp=—60
(035 ifp=-10 0.25 ifp=—10
0.25 if p=—20 0.15 if p= —20
0.1 ifp=—30 0.2 it p=—30
d5(p) = ,05(p) = ,
5(p) 0.55 if p= —40 = (P) 0.35 if p= —40
0.45 if p= —50 0.1 it p=—50
0.2 if p=—60 0.4 if p=—60

T (u, 2) = T (u, 2) = uz and C“"(u,2) = Cy"(u,2) = u + z — uz, for all u,z € T.
Thus U = (055,05) € BF(1,2)IN(S) and B = (0p,0p) € BF(1,2)IN(S) and UN B €
BF(1,2)IN(S).

Corollary 4.10. (i) If {U;}icr € BF(1,2)IN(S), then U = N;c;U; € BF(1,2)IN(S).
(i7) If {Ui}ier C F(1,2)IT(S), then U = NierU; € F(1,2)IT(S).

Theorem 4.11. Fvery BFBIN(S) is a BF(1,2)IN(S).

Proof. Let U = (0¢5,05) € BFBIN(S) and m,n,z,w € S. Since U = (95, 0;5) € FBIT(S),
we get that Oi(mn) > T (0(m), Oi(n)). Also

s (mw(nz)) = 0((mwn)z) > T (O (mwn), O (z))

> T (T (B (), s (n), Tos(2) = T @ (m), T (B (), D (=),

thus O (mw(nz)) > T (d5(m), T (di5(n), 0i5(2)))- Moreover
Os(mn) < C"(Os(m), ds(n)) and

Os(mw(nz)) = ds((mwn)z) < C"(Os(mwn), ds(z))
< OO (9s(m), O5(n)), O (2)) = C« (0 (m), C"(9i5(n), B5(2))),

then Oy (mw(nz)) < C(Os(m), C"(05(n), 05(2))). Therefore, we give that U = (9¢5, 0p5) €
BF(1,2)IN(S) g

Now by additional condition on semigroup S, we prove the converse of Theorem E_TTI.
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Theorem 4.12. Let S be a reqular semigroup and T™°" and C°™ be idempotent. Then every

BF(1,2)IN(S) is a BEBIN(S).

Proof. Let U = (0y5,05) € BF(1,2)IN(S) and ¢,d, w, s € S. Because S is a regular semigroup
for all ¢ € S, there exists s € S so ¢ = ¢sc. Then cw € (¢Se)S C ¢Sc and cw = csc. As
U = (055,05) € BF(1,2)IN(S), then 0(cd) > T™"(015(c), 0i5(d)). Also

3u(cwd) = O (es(xd)) = T (3 (c), T (B5(c), 015 (d))
= T (T (3 (€), B (€)), Bs(d)) = T (s (), Fos(d)
and so O (cwd) > T (3g5(c), Oi5(d)). Also ds(ed) < C(95(c), O5(d)). In addition,
O (cwd) = Os5(cs(cd))
< CM(05(c), C"(5(c), O5(d)))
— e (O (s (c), D5 (€)), D5 (d)) = O (s (c), Fs(d)),

and so O;(cwd) < C°"(95(c), d5(d)). Hence, U = (05, 0;5) € BEBIN(S).

5. Homomorphisms on F'(1,2)IT(S) and BF(1,2)IN(S).

In this section, we apply the concept of homomorphism over FIT(S), FBIT(S),
BFSN(S), BFIN(S), BEBIN(S), F(1,2)IT(S), BF(1,2)IN(S) and extend the bifuzzy bi-

ideal on semirings. Throughout this section we let that S = (S ,%) be a semigroup.

Theorem 5.1. Assume d € FIT(S) and & € FIT(S) and 0 : S — S be an onto homomor-
phism. Hence (1) 0(d) € FIT(S),
(2) 074(0) € FIT(S).

Proof. (1) Let u,v € S and b,d € S so u = g(b) and v = g(d). Then
0(0)(uv) = \/{0(bd) | u = 0(b),v = o(d)} = \/{T"" (B(b),8(d)) | u = o(b),v = o(d)}
=1 (\/{o(b) | u= f(0)}, \/{0(d) | v = o(d)}) = T"" (0(0) (u), 0(0) (v))

and

0(0)(uv) = \/{O(bd) | u = 0(b),v = o(d)} = \/{B(b) | u = 0(b)} = 0(0)(u)
and

= \V{0(bd) | u = o(b),v = o(d)} = \/{0(d) | v = o(d)} = 2(0)(v).

Then, o(d) € FIT(S).

(2) assume b,d € S. Therefore

~1H(9)(bd) = 9(o(bd)) = d(a(b)e(d)) = T ((e(b)), de(d))) = T"" (¢~ (9)(b), 0~ (9)(d))
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and ¢~'(9)(bd) = 9(e(bd)) = d(a(b)o(d)) = d(e(b)) = 0~ (9)(b) and ¢~ (0)(bd) = O(e(bd)) =
d(o(b)e(d)) = d(e(d)) = ¢~(9)(d). Thus, ¢~(9) € FIT(S). g

| s |
—

Theorem 5.2. Let & € FBIT(S) and & € FBIT(S) and ¢ : S — S be an onto homomor-
phism. Then o(d) € FBIT(S) and 9~(8) € FBIT(S).

Proof. Suppose u,v,z € S that f,g,w € S so u = o(f) and v = o(g) and z = go(w). Then

0(0)(uwv) = \/{(f9) | u= o(f),v = o(g)}
> \/{T"(3(f),8(9)) | u = o(f),v = o(9)}
=1 (\{8(f) | u= o)}, \/{B(y) | v = o(9)})
=T""(0(0)(u), 0(0)(v)) and

0(®)(uzv) = \/{d(fwg) | u = o(f),v = o(g), z = o(w)}
> \/{T"" (8(f),0(9)) | u = o(f),v = o(9)}
=T (\/{0(f) | w=o(N}, \/{B(9) | v = 0(9)})
=T""(0(0)(u), 0(9)(v)).

s

Then, (0) € FBIT(S). Assume f, g, w € S. Since

0 1 ()(fg) = d(e(fg)) = d(a(f)e(9))

> T (0(o(f)), 0(e(9))) = T (¢ (D)(f), 0~ (9)(9)) and
o 1 (9)(fwg) = d(a(fwg)) = d(o(f)o(w)e(g))

> T (3((f)), (e(9))) = T" (e~ (9)(f), e~ (9)(9)),

we get 0~ 1(0) € FBIT(S). o

Theorem 5.3. Let U = (35, 0;5) € BESN(S) and B = (9p,0g) € BFSN(S) and 9: S — S
be a homomorphism. Then o(U) € BFSN(S) and 9~ '(B) € BFSN(S).
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Proof. Let u,v € S and j, k € S so u = o(j) and v = (k). Then

0(@) (uv) = \/{Bs(jk) : u = o(j),v = o(k)}

> \{T" (B5(4), 05 (k) + w=o0(j),v = o(k)}

=T (\[{B(j) = u= o)} \/{O6(k) : v=e(k)}) = T"" (e(05)(u), () (v)) and
0(9s)(w) = N{0s(jk) : u=o(j),v = o(k)}

< N{C(05(4), 05(k)) : w = 0(j),v = o(k)}

= C"(N\{0s(j) : w=0()}, \{0s(k) : v =0(k)}) = C®"(0()(w), 0(Is)(v))

which mean that o(0) = (0(35), 0(8s)) € BFSN(S). Assume j, k € S. Therefore

~1(0p)(jk) = 05(e(jk)) = 95 (a(j)o(k))
> T""(0p(0(5)), 95(0(k)))
=T"" (0" (BB)(j), ¢ ' (0p)(K)) and
“H(9B)(jk) = p(0(jk)) = dp(e(j)e(k))
< C°™(0p(e(4)), 9p(o(k))) = C«™(0™ 1 (9B)(5), 0~ (3B) (k).

Thus, 0 1(B) = (071 (0p), 071 (0B)) € BFSN(S). g

Theorem 5.4. Let U = (35,05) € BFIN(S) and B = (83,05) € BFIN(S) and 0: S — S
be a homomorphism. Then, o(U0) € BFIN(S) and o~ *(B) € BFIN(S).

Proof. Let u,v € S and z,y € S so u = o(z) and v = o(y). Thus

0(8s) (uv) = \/{Bs(2y) : u=o(z),v = o(y)}
> \/{TW Os(2), 05(y)) + u=o(z),v=0(y)}
=T (\/{Os(z) : u=f(=)} \/{Gsy) : v="0)})=T""((d)(w), o(T)(v)).
Also 0(0p)(uv) = V{0s(zy) : u=o(z),v=0(y)} = V{0s(z) : u=o(z)} = 0(0s)(u) and
0(05) (wv) = \V{0s(zy) : uw=o(z),v=0(y)} > V{0s(y) : v=o0(y)} = 0(ds)(v). Moreover
o(05) (u0) = N{Bo(ey) = u = ofw),v = o(y)}
< N{C“(s5(x),d5(y)) : u= o(x),v = o(y)}
=C"(N\{os(x) + uw=f()}, \{0s() |v=r0)})
= C“"(0(05)(u), 0(55) (v)).
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Thus o(0) = (0(d5s), 0(8;5)) € BFIN(S). Let 2,y € S. Then

o 1 (0p)(zy) = Op(o(zy)) = On(o(x)o(y))

> T (Bp(0(x)),0p(2(y))) = T" (¢~ (05)(x), 0~ (BB) (1)),

o' (0B)(xy) = 0p(a(xy)) = Op(a(x)o(y)) > Op(o(z)) = ¢~ ' (05)(z)
ando™! (9p)(zy) = Op(e(zy)) = On(e(z)e(y)) > Bn(e(y)) = o~ (3p)(y).

Also

0~ (0p)(xy) = 9p(o(zy)) = dp(e(x)e(y)) < C“"(Op(e(x)), O5(e()))

= C*" (o™ (9B)(x), 0™ (9B) (1)),
0™ (9)(xy) = Op(o(y))
0~ (9p)(wy) = Op(e(ry))

Therefore, 0~ }(B) = (o=(05), 0 (05)) € BFIN(S). g

Theorem 5.5. Let U = (9,0;) € BFBIN(S), B = (0p5,05) € BFBIN(S) and 9: S — S
be a homomorphism. Then o(0) € BFBIN(S) and o~ '(B) € BFBIN(S).

Proof. Let u,v,z € S and z,y,w € S so u = o(x) and v = g(y) and z = g(w). Then

0(3) (w) = \/{Bs(zy) | u = o(x),v = o(y)}
> \/{T™" (B(2), 3 (1)) | v = o(x), v = o(y)}
=1 (\/{O5() | u = f(2)}, \/{05() | v = o(®)}) = T (0(Be5) (w), 0(35) (v)) and

0(35) (uzv) = \/{Bs(zwy) | u = o(x),v = o(y),» = o(w)}
> \/{T" (35(x),05(y)) | v = o(z),v = o(y)}
=T (\/{05(z) | u = f(2)}, \/{Gs() | v =0)}) = T (2(5) (1), 0(Fs) (v)).
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Also

0()(uv) = N\{Bs(wy) | w = o(z),v = o(y)}
< NLC="(@5(2), B5()) | w = ofz),v = oly)}
= 0 (A{Os(@) | u = £} A(0s®) | v = o)) = C™(o(0)(w). 2(0)(v)) and

0(9)(uzv) = \{Os(zwy) | u = o(x),v = o(y), z = o(w)}
< N{C“"(s(2),05(y)) | u = o(x), v = o(y)}
= C"(N\{0s(@) | u= f(@)}, A {05(y) | v = 0(®)}) = C“"((d5)(w), 0(95) (v)).
Thus o(0) = (0(d5), 0(ds)) € BEBIN(S). Let x,y,w € S. So

0~ (0p)(xy) = Op(o(wy)) = Op(e(x)e(y)) > T (Op(o(x)), 05 (e(y)))
=T"" (0" (0p)(x), 0™ (05)(y)) and

0~ ' (0B)(zwy) = dp(o(zwy)) = dp(e(z)o(w)o(y))
> T (0p(0(x)),05(0(y))) =T (0 (F5)(x), 0" (3B)(y))-

Also

0~ (9B)(xy) = 08(o(xy)) = 0(o(x)o(y))
< C"(0p(o(x)), 08(0(y))) = C“"(0~ " (8B)(x), 0" (IB)(y)) and

0" (0B)(zwy) = 0B(o(zwy)) = dp(o(x)o(w)o(y))
< C"(0B(0(2)),08(0(y))) = C (0 (9B)(x), 0~ (3B) ().

Then, o~ 1(B) = (0~'(35), 0 (98)) € BFBIN(S). 1

Theorem 5.6. Let © € F(1,2)IT(S), d € F(1,2)IT(S) and 0 : S — S be a homomorphism.
Then, o(0) € F(1,2)IT and o=1(9) € F(1,2)IT(S).

Proof. Let m,n,p,q € S and z,w,y,z € S som = p(x) and n = p(w) and p = p(y) and
q = o(z). Now

0(8)(mn) = \/{0(zw) | m = o(x),n = o(y)}

> \/{T" (8(x),0(w)) | m = o(x),n = o(y)}

=T (\/{0(2) | u = o(2)}, \/{B(y) y)}) =T""(0(0)(m), 0(0)(n)) and
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0(8)(mn(pq)) = \/{B(zw(yz)) | m = o(x),n = o(w),p = o(y),q = o()}

> \/{T™" (0(x), T (B(y), 05(2))) | m = o(z),p = 0(y),q = o(2)}

=1 (\/{B(z) | m = f(x)}, \/T"‘”" ) =o(y),q=0(2)})
=17 (\/{8(z) | m = f(a)}, T"" \/{5 ) Ip =0} \V{0(2) | ¢ =0(2)})

=T""(0(8)(m), T"" (2(9)(p), 0(9)(q)))-

Then o(d) € F(1,2)IT(S). Let x,w,y, z € S. Then

01 (0)(wy) = d(o(zy)) = do(x)o(y)) > T (d(o(x)),d(0(y))) =T (¢~ (9)(x), 0~ (9)(y))
and

0 ' (0)(zw(yz)) = d(o(zw(yz)))

= d(o(z)o(w)o(y)e(z)) = d(o(x)e(w)(e(y)e(2)))

> T (9(o(x)), T"" (8(e(y)), 0(2)))) = T™" (¢ (9)(x), T (0" (8)(y), 0" (9)(2)))-

Thus, 0~ (9) € F(1,2)IT(S). g

Theorem 5.7. Let U = (d,8y) € BF(1,2)IN(S) and B = (dp,8p) € BF(1,2)IN(S).
suppose that ¢ : S — S be a homomorphism. Then

(1) o(U) € BF(1,2)IN(S).

(2) o~ Y(B) € BF(1,2)IN(S).

Proof. (1) Let m,n,p,q € S and z,w,y,z € S so m = p(z) and n = p(w) and p = o(y) and
q = o(z). Hence

0(3) (mn) = \/{s(zw) | m = o(z),n = o(y)}
> \/{T" (B (), 0s(w)) | m = o(x),n = o(y)}
=T (\/{05(2) | u = f(2)}, \/{Gsw) | v=0)}) = T" (e(F5)(m), o(35) (1))

and

0(3) (mn(pqg)) = \/{Os(zw(yz)) | m = o(z),n = o(w),p = o(y),q = o(2)}
> \/{T"" (O (), T"" (B0 (y), 05(2))) | m = o(x),p = o(y), q = o(2)}
=1 (\/{Os(2) | m = f(2)}, \/ T (@5(y), 05(2)) | p = oly),a = o(2)})
=1 (\/{3s(2) | m = f(2)}, T (\/{0s() | p = o)}, \/{u(2) | ¢ = 0(2)})
=T""(0(05)(m), T (0(05) (p), 0(T55)(q)))-
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Also

0(9s)(mn) = N\{s(zw) | m = o(z),n = o(y)}

< N(C (B (), d5(w)) | m = o(x),n = oly)}

= C"(N\{0s() |u= f@)}, N {Os(y) | v = o(y)}) = C"(2(d5)(m), 0(35) (1)
and

0(9s)(mn(pq)) = N\{Os(zw(y2)) | m = o(x),n = o(w),p = o(y),q = o()}
< NLC(85(), O« (35 (y), D5(2))) | m = o(x),p = oy),q = 0(2)}
= (N {Bs(@) | m = (@)}, \ C“"(Bs(y),85()) | p = o(y),a = 0(=)})
= " (N\{ds(x) | m = f(@)}, C"(N\{0s() | p = o)}, \05(2) | 4 = 0(2)})
= C“"(0(9s)(m), C"(2(9s)(p), 0(955)(q)))-
Then, o(0) = (0(dss), 0(ds)) € BF(1,2)IN(S). Let 2, w,y, z € S. Then

o ' (0)(zy) = dp(o(zy)) = Op(o(x)o(y))
> T (0p(0(x)),0p(0(y))) =T (¢~ " (0p)(x), 0" (3B)(¥))

and

0 ' (0B)(zw(yz)) = 0p(o(zw(yz))) = 05(o(x)o(w)o(y)o(z)) = dp(o(x)o(w)(o(y)e(2)))
> T (0p(o(x)), T (08(0(y)), 0(2))))
=T"" (07" (@B)(x), T"" (¢~ (0B)(y), 0~ ' (3B)(2))).

Also

0~ (98)(zy) = Op(o(zy)) = In(e(x)o(y))
< C*"(9p(e(x)), 0p(0(y))) = C*" (¢~ (9p)(2), =" (9p)(y))

and

0 ' (0B)(zw(yz)) = dp(o(zw(yz))) = dp(o(z)o(w)o(y)e(2))
= dp(o(z)o(w)(e(y)e(2))) < C"(Op(o(x)), C“" (B (e(y)), 0(2))))
= C"(o 1 (9B)(x), C" (¢ (9B) (1), 0" (0B)(2)))-

Therefore, o~}(B) = (0 1(d5),0 1 (0B)) € BF(1,2)IN(S). g
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6. Applications, discussion and conclusions

In this study, as using the notions of triangular norms and triangular conorms, the fuzzy
semigroups, fuzzy ideals, fuzzy bi-ideals, bifuzzy subsemigroups, bifuzzy ideals, bifuzzy bi-
ideals, fuzzy (1, 2)-ideals and bifuzzy (1, 2)-ideals in any given semigroup will be defined and
investigated and obtained some basic properties of them. Now one can study fuzzy semirings,
fuzzy ideals, fuzzy bi-ideals, bifuzzy subsemirings, bifuzzy ideals, bifuzzy bi-ideals, fuzzy (1, 2)-
ideals and bifuzzy (1, 2)-ideals in any given semiring and this can be an open problem for future
research directions.
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