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Abstract

In this paper, the idea of intuitionistic fuzzy soft subalgebras, intuitionistic fuzzy soft ideals, and intuitionistic
fuzzy soft a-ideals of B-algebra are introduced with many associated properties interrogated. In connection
to the intuitionistic fuzzy soft set theory, translations, extensions, and multiplications of intuitionistic fuzzy soft
subalgebras, intuitionistic fuzzy ideals, and intuitionistic fuzzy a-ideals are introduced. Interconnected with
intuitionistic fuzzy soft translations, intuitionistic fuzzy soft extensions, and intuitionistic fuzzy soft multiplications
of intuitionistic fuzzy soft subalgebras, intuitionistic fuzzy soft ideals, and intuitionistic fuzzy soft a-ideals are

investigated.
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1. Introduction

In mathematics, the fuzzy sets are sets whose elements have
degrees of existence. Lotfi A. Zadeh [1] was introduced Fuzzy
sets in 1965 as an extension of the classical set. The existence
values lie between the interval [0, 1]. In the latter, the mem-
bership values lie between either O or 1. The fuzzy set theory
can be used in a wide range of domains in which information
is imprecise, such as Bio-informatics. The other fundamental
research in the field of interest for Atanassov [2] is Fuzzy sets,
defined by Lotfi Zadeh. In a significant manner, he extended
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the concept of Intuitionistic Fuzzy Sets. Also, the operations
and relations over intuitionistic fuzzy sets, part of which has
analogies in the theory of fuzzy sets. Without analogous in
traditional, fuzzy set theory is the operators on modal, topo-
logical, level. Neggers et al. [3] introduced several classes
of algebras of interest such as BCH/BCI/BCK-algebras and
some properties are investigated. Jun et al. [4] developed
the fuzzification of normal B-subalgebras are defined, and
properties are investigated.

Ahn et al. [5] classify the subalgebras by their family
of level subalgebras in B-algebras. Senapati et al. [6] in-
troduced the notions of fuzzy dot subalgebras, fuzzy normal
dot subalgebras, and fuzzy dot ideals of B-algebras are in-
troduced. They introduced the notion of fuzzy relations on
the family of fuzzy dot subalgebras and fuzzy dot ideals of
B-algebras. Hashemi [7] introduced the concepts of fuzzy
translation to fuzzy associative ideals in BCK/BCI-algebras.
The interrelated to fuzzy translations, fuzzy extensions and
fuzzy multiplications of fuzzy ideals are investigated. Sena-
pati et al. [8] introduced the notion of fuzzy translation to
fuzzy H-ideals in BCK/BCl-algebras. Senapati et al. [9]
introduced the concepts of intuitionistic fuzzy translation to
intuitionistic fuzzy H-ideals in BCK/BClI-algebras. Lee et al.
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[10] discussed fuzzy translations, fuzzy extensions and fuzzy
multiplications of fuzzy subalgebras in BCI/BCK-algebras.
Related to fuzzy translations, fuzzy extensions, and fuzzy
multiplications are investigated. Kim et al. [11] defined the in-
tuitionistic fuzzy subalgebras of B-algebras which are related
to several classes of algebras such as BCI/BCK-algebras.

The soft set theory was proposed by Molodtsov [12] in
1999. Maji et al. [13-15] introduced the notion of intuition-
istic fuzzy soft set and application of soft sets in a decision-
making problem. Jun [16] introduced the notion of soft sets
by Molodtsov to the theory of BCK/BClI-algebras. The no-
tion of soft BCK/BCl-algebras was introduced by Jun et al.
[17]. They proposed a fuzzy soft set of several kinds of
theories in BCK/BClI-algebras. Also, the notions of fuzzy
soft BCK/BCl-algebras, fuzzy soft ideals, and fuzzy soft p-
ideals are introduced, and related properties are investigated.
Senapati [18] introduced translations of intuitionistic fuzzy
B-algebras. Motivated by this, we introduce the notion of
translations of intuitionistic fuzzy soft structure of B-algebra
and establish some of their basic properties. In this paper,
IF soft translations (IFSTs), IF soft extensions (IFSEs), IF
soft multiplications (IFSMs) of IF soft subalgebras (IFSSUs),
IF soft ideals (IFSIDs), and IF soft a-ideals (IFSAIDs) of
B-algebras are introduced.

2. Preliminaries

In this section, some basic aspects which are used to present
the paper.

Definition 2.1. A non-empty set X with a constant 0 and
a binary operation * is called a B-algebra if for every x, y, 7 €
X satisfies the following axioms

(Bl)x*xx=0

(B2)x*x0=x

(B3) (xxy)xz=1xx(z*x(0xy)).

For concise, we also call X a B-algebra.

Example 2.2 Let X = {0,1,2} with the Cayley table given
below:

Then X is a B-algebra.

Definition 2.3. A non-empty subset S in X is called a sub-
algebra of X ifx xy € S forany x, y € S.

Definition 2.4. A non-empty subset A in X is called an ideal
of X if it satisfies (i) 0 € A and (ii) x x y € Aand y € A imply
x €A

Definition 2.5. A non-empty subset A in X is called an a-
ideal of X if it satisfies (i) and (iii) (x x z) * (0 xy) € Aand z
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c€Aimplyyxx€A.

Definition 2.6. A pair (M,A) is called soft set over X if and
only if M is a mapping into the set of all subsets of the set X.

Definition 2.7. A fuzzy set A of X is of the form A = {(x, 04 (x)) :
x € X}, where c4(x) : X — [0,1] is called the degree of exis-
tence of the element x in the set A and 0 < o4 (x) < 1.

Definition 2.8. Let X is primary set under consideration and
let E act as a set factors. Let .7 (X) represent the set of all
fuzzy sets in X. Then (M,A) is called a fuzzy soft set over X
and A C E, where M : A — F (X).

Definition 2.9. A fuzzy soft set M[8] in X is called a fuzzy soft
subalgebra of X if for every x,y € X and 8 € A satisfies
(FSSUI) 0y5)(0) > Oyy(5(x) and
(FSSU2) Oyys1(x %) > Oy (%) A Oy (v)-

Definition 2.10. A fuzzy soft set M[8) in X is called a fuzzy
soft ideal of X if for every x,y € X and 8 € A satisfies
(FSID1) 0y15)(0) = 015/ (x) and
(FSID2) Oyy15)(x) = Opyig)(x*y) A Opys) ()-

Definition 2.11. A fuzzy soft set M[8] in X is called a fuzzy
soft a-ideal of X if for every x,y,z € X and 8 € A satisfies
(FSAIDI) GM[S] (0) > GM[S] (.X) and
(FSAID2) G5 (y*x) > Oy ((x%2) % (0% )) A Oy (2)-

Definition 2.12. Let M[8] be a fuzzy soft subset of X and
let a € 0,1 — sup{oy5)(x) : x € X}|. A mapping (GM[S])g :
X — [0,1] is called fuzzy soft « translation of M[8) if it satis-
fies (GM[S])g(x) = Oyy(5)(x) + 0 for every x € X and § €A.

Definition 2.13. An intuitionistic fuzzy set (IFS) A is of the
form A= {(x,04(x),7a(x)) : x € X}, where o4(x) : X — [0, 1],
T4(x) : X — [0,1] with the condition 0 < o4 (x) + T4 (x) < 1
for all x € X. The number o4 (x),Ts(x) means the degree of
existence and non-existence of the element x in the set A.

Definition 2.14. Let X is a primary set under considera-
tion and let E act as a set of factors. Let .9 % (X) repre-
sent the set of all intuitionistic fuzzy set X. Then (M,A) is
called an intuitionistic fuzzy soft set over X and A C E, where
M:A— IF(X).

Definition 2.15. Let M[§] = {(x, (o] (%), Tyze) (x)) 1 x € X
and § € A} and N[8] = {(x, Ops) (%), Ty (%) - x € X and
8 € A} be two intuitionistic fuzzy soft set on X. Then the inter-
setion and union of M[8) and N[8) are denoted by M[5]NN[J]
and M[8] UN|8] respectively and is given by

M[S]NNI[S] = {(x, oy(5)(x) A Oys) (X), Thags) (X) V Typs) () -

x€Xand 6 € A},
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M[8]UNI8] = {(x, oy5) (x) V 015 (x), Tz (¥) A T (1)) -

x€Xand d € A}.

Definition 2.16. An intuitionistic fuzzy soft set M[8] in X is
called an intuitionistic fuzzy soft set subalgebra of X if for
every x,y € X and 6 € A satisfies
(IFSSUI) Oyy15(0) = Opy15) (%), Tazgs) (0) <
([FSSUZ) O'M[5 (x*y) > GM[5 )/\0' ]()7)
(IFSSU3) Ty (xxy) < TM[S]( X)V Ty ( ).

Definition 2.17. An intuitionistic fuzzy soft set M[3] in X
is called an intuitionistic fuzzy soft ideal of X if for every
x,y € X and d € A satisfies
(IFSSU1) 0y7(5)(0) = 0115 (%), Tyi5) (0) < Ty (%),
(IFSSU2) Oyy15)(x) = Ozps) (x % y) A Oyp5)(v) and
(IFSSU3) Tyzs)(x) < Tygs) (x5 3) V Ty (0)-

Definition 2.18. An intuitionistic fuzzy soft set M[8) in X
is called an intuitionistic fuzzy soft a-ideal of X if for every
x,y,2 € X and 8 € A satisfies
(IFSAIDI) 05 (0) > Oyy1s)(x), Tyy1s) (0) < Tz (%),
(IFSAID2) Oy (y#x) = Oy (xx2) % (0% ) A G5 (2)

and
(IFSAID3) Ty 1) (y#x) < Tyzs) ((x#2) * (0% 3)) V Tyz16) (2).
3. Translations of intuitionistic fuzzy soft

subalgebras

For shortness, we shall use the notation M(8] = (0y5, Tir(s))
for the IFSS M[5] = {(x, Oa1s) (%), Tyzrs) (x)) : x € X and & €
A}. During the whole of this paper, we take 3 = in f{7y;5) (x) :
x € X and 8 € A} for every IFSS M[5] = (o L TM[S]) ofX

Definition 3.1. Ler M[8] = (Oyy(5), Tyy(s)) be an IFSS of X and
o € [0,3] An  object having the form
M[§)! = ((GM[S})Q, (Th(s) )&) is called an intuitionistic fuzzy
soft o-translation (IFSAT) of M[8] if(GM[s])g(x) = (Op15)) (%)
+a and (TM[S])E(JC) = (Oj1(5)) (x) — & for every x,y € X, 6 €
A.

Theorem 3.2. Let M[5] be an IFSSU of X and let a € [0,3)].
Then the IFSAT M5! of M[§)] is an IFSSU of X.

Proof. Letx,y € X and 8 € A. Then (oy; 5])T(x>ky) = (oy115))
(k) +a > ((Ghz15)) (%) A Gz (v)) + 0t = (O (x) + ) A
(0115) () + @) = (Oygi5)) & (%) A (Oyyis)) & (v) and (Tyzg)) 6 (x
y) = (Tge))(x *y) — o < ((T 5) (%) V Ty () — @
= (Tzs)(¥) — @) V (5 () — @) =
Hence, the IFSAT M([8]%, of M[§] is an IFSSU of X. O

Theorem 3.3 Let M[S] be an IFSS of X such that IFSAT
M[8)! of M[8)] is an IFSSU of X for a particular « € [0,3)].
Then M[§] is an IFSSU of X.
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( M[S]) () V (Tazs)) o )-

Proof. Assume that M[8]7, = {(x, (Oj1(5)) & (%), (Tyz() & (%)) :
x€X and 6 € A} is an IFSSU of X for a particular o €
[0,3]. Letx,y € X and 6 € A. Then o5 (x*y) + a =
(ot18)) 0 (%)) = (04756 (%)) A (Gr) ) () = (g (%) +
o) A (O ]()’)+0‘) (o) (x )/\UM[a](Y))+O‘aHdT ] (x>
y) = o= (Tys))ax* ) < (Ts))a) V (Tyags)) (y))
(Thzgs) (%) — ) A (Tyze () — @) = (Tyz1e) () A Tyggs) (v)) —
which implies that o5 (x*y) > Oy(5)(x) A Op5)(v) an

Tiags) (%) < Tyzrs) (%) V Tygp) (v) for every x,y € X and o€ A
Hence, M[§] is an IFSSU of X. O
Definition 3.4. Let M(5] = (0y(s), Tyz(s)) and N[8] = (o),
Ty(5)) be IFSSs of X. If M[8] < N[8] i.e, 0yz(5)(x) < O5(x)
and Tyy(5)(x) = Ty(s)(x) for every x € X and § € A, N[8] is an
intuitionistic fuzzy soft extension (IFSE) of M[§)].

Definition 3.5. LEIM[S] = (GM[E]’ TM[S]) and N[S] = (GN[&],
Ty(s)) be IFSSs of X. Then N[8)] is called an intuitionistic fuzzy
soft S-extension (IFSSE) of M[8) if the following assertions
are valid:

(i) N[8] is an IFSE of M[§)

(ii) if M[8) is an IFSSU of X, then N|[8] is an IFSSU of X.

From the definition of IFSAT, we get (GM[B])g(x) =

(0713 (x) + & and (Tyz5))5 (%)) = (Tz)) ()

x€Xand 6 € A.

— « for every

Theorem 3.6. Let M[8] be an IFSS X and o € [0,3]. Then
the IFSAT M|8]!, of M[8] is an IFSSE of M[3).

The reverse of the Theorem 3.6 is not correct by the fol-
lowing example.

Example 3.7. Consider a B-algebra X={0,1,2,3,4,5} with
the Cayley table:

N bW~ O *
(S SNNOS I S =] R )
AW = O W=
W= O W KN
D= O kA WW
—_ O W A WA
O Wk W =W

Let M[S] = (O-M[g], TM[E]) be an IFSS in X by
X 0 1 2
V8] | 105,031 [02,04] [0.503]
X 3 4 5
MI[d] | [0.2,0.4] [0.5,0.3] [0.2,0.4]

Then M[8] is an IFSSU of X. Let N[§] =
an IFSS in X by

(Owi1s)- Turgs)) be

o
L0,
Ssa2ez
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X 0 1 2
N[o] | [0.65,0.22] [0.33,0.36] [0.65,0.22]

X 3 4 5
N[o] | [0.33,0.36] [0.65,0.22] [0.33,0.36]

Then N[§] is an IFSSE of M[3]. But it is not IFSAT
(M([8])L, of M[5] for any a € [0,3] and § € A.

Clearly, the intersection of IFSSEs of an IFSSU M([§] of
an IFSSE of M|[8]. But the union of IFSSEs of an IFSSU

M([§] of X is not an IFSSE of M[§] by the following example.

Example 3.8. Consider a B-algebra X = {0,1,2,3,4,5} with
the cayley table:

*x0 1 2 3 4 5
00 2 1 3 45
1|1 0 2 4 5 3
202 1 0 5 3 4
313 450 21
414 5 3 1 0 2
5/5 3 4 2 1 0
Let M[5] = (), Tyz(s)) be an IFSS in X by
X 0 1 2
M[8] |10.602] [0.4,0.3] [0.4,0.3]
X 3 4 5
M[8] |10.4,03] [0.4,0.3] [0.4,0.3]

Then M([3] is an IFSSU of X. Let N[§] and O[8] be two
IFSS in X by

X 0 1 2
N[0] [0.7,0.1] [0.5,0.2] [0.5,0.2]

X 3 4 5
N[0] [0.7,0.1] [0.5,0.2] 1[0.5,0.2]

and

X 0 1 2
0[9] [0.8,0.2] [0.6,0.3] [0.6,0.3]

X 3 4 5
0[9] [0.6,0.3] [0.8,0.2] [0.6,0.3]

respectively. Then N[§] and O[§] are IFFSSs of M([$].

Obviously, the union N[8] U O[§] is an IFSE of M[§], but it is
not an IFSSE of M([8] since
Oisjuois) (4#3) = Oxisiuars) (4) A Oxsuars) (3)

GN[S]UO[S](I) >0.8A0.7

0.6 # 0.7.

For an IFSS M[8] = {(x, Ojir(s) (X), Tyzgs) (x)) : x € X and
0 €A} of X, a €[0,3] and 7,5 € [0,1] with 7 > a, let Uy
(omspst) = {x: Gygs(x) > 1 — o} and Lo (Tiz535) = {x:
Tis)(x) < s+ ot If M]|8] is an IFSSU of X, Ua (GM[ ],t)

» Lo (Ty(5)5) are subalgebras of X for every ¢ € Im(Cyy(5)),
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s € Im(tyy5)) with 7 > o But, if M[8] is not an IFSSU of X,

then Uq (0yz(5)37) and Lq (Tjz(5)35) are not subalgebras of X
by the following example.

Example 3.9. Consider a B-algebra X = {0,1,2,3,4,5} in
Example 3.8 and M[§] = (oj; (5] Tirs)) be an IFSS in X by

X 0 1 2
M| [0.66,0.26] [0.43,0.52] [0.43,0.52]

X 3 4 5
MI8] [0.54,0.29] [0.54,0.29] [0.54,0.29]

since Oy5)(4%3) = Opp5)(4) A Oyy15)(3)
Oyiis)(1) > 0.54 1054
0.43 # 0.54
and Th1(5) (5x4) < T1(5) (5)A Tt[s] 4)
Ty)(1) < 0.5470.54
0.52 £ 0.29.
Therefore, M[S] = (Gyy;s) Taz(s)) is not an IFSSU of X.
For oo = 0.16, t = 0.70, Ua(TM[a 1) ={0,3,4,5} is not
a subalgebra of X since 3+4 =2 & Uq (Tys):1).
For ¢ = 0.16 and s = 0.25, we obtain LO‘(TM[(S];S)
{0,3,4,5} which is not a subalgebra of X since 54 = 1 ¢
Ly (TM[S];S)'

Theorem 3.10. For o € [0,3], let M[8]7, = ((0yy5)) ér» (Taas)) &)
be the IFSAT of M[8). Then the following are equivalent:

(i) M[8]¢, = ((Ojis)) & (Tirjs))¢,) is an IFSSU of X.

(ii) Ugq <O'M[6]§t> and Lg (TM[S];S) are subalgebra of X for
t € Im(Oyy(5)).s € Im(Tyys)) with t = a.

Proof. Assume that M[§]? is an IFSSU of X. Then (O'M[(;])
and (TM[(;]) o are fuzzy soft subalgebra of X. Let x,y € X
and o € A such that x,y € Uq (0ys31) and 1 € Im(Cyy(5))
with t > «. Then GM[S]( ) >t— o and GM[S]( ) >t—o
T T
ie., (Gris)) o (¥) = (Owgs)(x)) + & > 1 and (oys)) ,(¥) =
(ons) () + & > 1. Since (o ) is a fuzzy soft subalge-
T T

(o M[S])a(x*y) > (Giz(g]) (%) A
(GM[a])z(y) > t.that is, Oy (x*y) > — o so that x*y €
UO!(GM[S];t)~

Again, letx,y € X and § € A be such that x,y € Lo (T7(5); 5)
and s € Im(TM[(;]) Then (TM[(S] (X)) <s+ o and (TM[&] (y)) <

. T T
s+a,l1.e., (TM[S])Q('X) = (TM[S]) (x) —a<s and (TM[S])Q()})
= (TM[a])(y) —a <s. Since (TM[S])Z is a fuzzy soft sub-
T
T (x * ¥) — @ = (Tys) o (¥ * ¥)
T T .

< (TM[E])(X(‘X) V (TM[S])a(y) <'s, that is, TM 5] (x*y) <s+
o sothat xxy € Ly (TM[5];S> .Therefore, Uy, ( 5];t) and

bra of X, oyy(5)(x*y) + a0 =

algebra of X,

Ly (TM[5]§S> are sub-algebras of X.
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Conversely, suppose that Uy (O'M[(;];t) and Ly (TMW;S)
are sub-algebras of X for t € Im (GM[5]>, s€lm TMW)

with ¢ > o. If there exists a,b € X such that (GM[&)(Z(Q *

b) < B < (04115)) (@) A (Gys)) o (b). then Ogis(a) > B —
o and GM[S](b) > B —Q, but GM[E](a*b) < ﬁ — . This

shows that a € Uy (GM[(;];t> and b € Uy (GM[B];I>’ but a *
T

(Girjg)) o (X%¥) >

X and 6 € A.

Again, assume that there exist ¢,d € X such that

T T T

(TM[5]>a (C*d) >v > (TM[a])a (C) V (TM[3]>(1 (d) Then

Tiajs) (€) < Y+ and 5 (d) < Y+ o but Ty (¢ d) > Y+

s) ,butcxd ¢

This is a contradiction, therefore

(()'M[g]) (x )A(GM[5]) (y) for every x,y €

o. Hence, c € Lg (TM[6]§5> andd € Lg (’L’M[ﬁ};
Lg (TMW;S This is not possible and therefore,
T T T
(TM[B]) . (xxy) < (TM[5]> . (x)V <’L‘ Y [5]) . (y) forevery x,y €
O T T
X and 6 € A. Consequently, M [8], = (G~ [5}) , (TM[(;])
[0 o
is an IFSSU of X. 0
Theorem 3.11.  Ler M[§] = (ams] : TM[S]) be an IFSSU of
X and a,f € [0,3]. If o > B, IFSAT M[5]},
T T
= ((GM[S]) (‘L’M[5 ) ) of M 8] is an IFSSE of the intu-
itionistic ~ fuzzy soft B-translation (IFSBT) M [6];

- ((GMW);’ (TMW)T) of (8],

B
Proof. Straightforward. O

For every IFSSU M [8] of X and B € [0,3], the IFSBT
MIS ) of M[8] is an IFSSU of X. If N[8] is an IFSSE of
MI[§ ) then there exists a € [0,3] such that o > 8 and

T
(8] > (41[8]) ", that is o5 (x) > (GM[S])a and Ty g (x) <

N
( ) for every x,y € X and 0 € A.

(M
(M

Theorem 3.12.  Let M [8] be an IFSSU of X and let B €
[0,3]. For every IFSSE N (5] = (%] : r,vm) of the IFSBT
1\71[5]5 of M [8), there exists o € [0,3] such that o > B imply
N (8] is an IFSSE of the IFSAT M [8]; of M [8].

Let us clarify the Theorem 3.12 by the following example.

Example 3.13. Consider a B-algebra X = {0,1,2,3,4,5}
and M [§] = (GM[5]7TM[5]) be an IFSS of X defined in Exam-
ple 3.7. Then 3 = 0.4. If B = 0.23, then the IFSBT M [5]5 of
M [3] is given by
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X 0 1 2

M[8]% | [0.81,0.15] [0.51,0.25] [0.81,0.15]
X 3 4 5

M[8]L | [0.51,025] [0.81,0.15] [0.51,0.25]

Let N [5] = (GN[5]7 TN[S]) be an IFSS in X by

X | 0 1 2
N[8] | 10.85,0.10] [0.57,0.17] [0.85,0.10]

Then N [8] is clearly an IFSSU of X which is an IFSSE
of the IFSBT M (5] of M([5]. But N [8] is not an IFSAT of

M [8] for a particular ¢ € [0,3]. If ¢ = 0.26 > 0.23 =  and

~ T T T ~ ..
the IFAT M [3],, = (GM[S]) ) (TM[S]) of M [8] is given
[0 o
as follows:
Note that N[8](x) > (M(8]), (x). that is oy (x)

T T
> (GM[S])(X(}C) and TN[S](X) < (TN[(S])(X(X) for every x €
X and § € A, and hence, N[§] is an IFSSE of the IFSAT
MI[5)50fM|[5].

Definition 3.14. Let M [8] be an IFSS of X and p € [0,1].

p

is called an intuitionistic fuzzy soft p-multiplication of M [8) i

(%2[5]) ) (x) = Oy;5)(x) @ p and (TM[B])p (x) = Ty (x) @ p
for every x € X and § € A.

For any IFSS M [8] = (GMW, TM[5]> of X, an intuitionistic

(o), (saa), )

Theorem 3.15. If M [8] = (GM[S], TM[a]) is an IFSSU of X,

then the intutionistic fuzzy soft p-multiplication of M [8] is an
IFSSU of X for any p € [0,1].

fuzzy soft O-multiplication M [8] =
of M [8] is an IFSSU of X.

Proof. Straightforward. O

Theorem 3.16. If M [5] = (GM[S],TM[S]) is any IFSS of X,
then the following are equivalent :

(i) M[8)] is an IFSSU of X.

M 8% is an IFSSU of X.

(ii) for every p € 10,1], p

Proof Necessary follows from Theorem 3.15. For sufficient
part let p € [0, 1] such that M 8]}, is an IFSSU of X. Then for
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X | 3 4 5
N[8] | [0.57,0.17] [0.85,0.10] [0.57,0.17]
X 0 1 2
M5, | [0.84,0.12] [0.54,0.22] [0.84,0.12]
X 3 4 5
MI[5]}, | [0.54,0.22] [0.84,0.12] [0.54,0.22]

= (GM[é]( x) A\ Ojys) (v )) e p and Ty 5 (x*y)ep = (TM[S]):
(x*y) = (TM[(S) (TM 5]) ) = (TM[(S](X)°p) Vv
- (s

(x Y) > GM[ j(x )/\GM[a]( ) and T (0 * ) < Tggs) (x) V
Tyz;5)(y) for every x,y € X and & € A since p # 0. Hence,
M [8] is an IFSSU of X.

)) o p. Therefore, oy

4. Translations of intuitionistic fuzzzy
soft ideals

In this section, translations of intuitionistic fuzzy soft ideals
are defined with few results studied.

Theorem 4.1. IfM[(s] = (GM[&,TM[&) is an IFSIDs OfX,
- T T T -
then IFSAT M [8]%, = ((GM[SO (1) > of M [8) is IF-
a o
SIDs of X for a particular o € [0,3)].
Proof. Let M[§] = (GM[(;],TM[S]) is an IFSIDs of X and

T
o € [0,3]. Then <GM[6])a (0) = 0yi115)(0) + & = 075 (x) +
a and

(’L“[S])Z (0) = y715)(0) — & < Ty(x) —  for every x,y €
(1) = oy ) +a >
GM[S](X*)’)/\GM[6]()’)) + a = ( 5)(xxy) + )
Oina)(1) +@) = ("M ), ) ( ), )

a< (TM[s (* )V Tigjg) (y))

X and & € A. Now, (GM[5]>

o

) and

)
€
=
=
*
~
N
|
Q
N———
<
(Q'
=
)
—
~
N
|
Q
N———
|
A
=
&>
v
—
=
*
<
N

(y) for every x,y € X and 6 € A. Hence, the IF-
[5] of M [8] is an IFSID of X.

)
€
E
LN
Q ~

Cﬂ/\/\/g\/\/—\
€
=
N N——
SIS
—
=
NaJ
I
3
€
=
—
=
N

Theorem 4.2. Let M [8] be an IFSS of X such that the IFSAT
M [8]L, of M [8) is an IFSIDs of X for a particular o € [0,3).
Then M [8] is an IFSID of X.
Proof Assume that M[5]},

T
0,3]. Letx,y€ X and § € A, 0y715(0) + & = (0y715)) (0) >
o

is an IFSID of X for any o €

T
GM[&]) (x) = oy175) (x) + v and Ty (0) — 0t = (TM[a])a (0)
T
< (TM[5])(X(X) = TM[(S]() i 04 which lmplleS
Oj115](0) = Opyi) (%) and TM[S]( ) < Tyzj5) (). Now, we have
T T
O] (x) + 0 = (GM[é) x) (GM[(S) (x*y) (GMS]) (v
= ( M[&](X*Y)+05) A (GM[a]( )+05) Ojps)(x) + 00 =
T
Ojias] (X *Y) A O (Y)) +aand Ty 5 (x) —o = (TM[S]) a (x)
T T
< TM[S])a<x *y) V (TM[ﬁ])a()’) = (TM[s](x*Y)—OC)

V (T 0) — &) G5y (0) — @ < (e (063) V Ty ) -
o which implies that O5)(x) > (51 (x*¥) A Ojz5) (v) and
Tiajs) (%) < Tyggs) (X +¥) V Ty (v) for every x,y € X and 6 € A.
Hence, M [8] is an IFSID of X. O

o

Theorem 4.3. Let the M [8]., of M[8] be an IFSID of X for
any o € [0,3]. Then the followings are valid:
A (GM[s )

as) 92 (395). 01

(x) < (7 ( Mo ]) )V (TM[5]>Q(Z),

T

(2)

o

(i) lfxey <z

and (‘L’M[5 )
(i) 112, (o), ()2 (0, ) and (s5) . (@)
(%[5])2 )

for every x,y,z € X and § € A.

Proof (i) Assume that x,y,z € X and § € A such that xxy < z.
Then

(%2[5])2 (x) >

(GM[S])Z (x) =

and

o
L0,
Ssa2ez

690

)

<
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<TM[5])Z (x) < (TM[5]> Z (x*y) (TM[(S]) ' )
< (TM[a] Z((X*Y)*Z)V TM[S])Z (Z)]
v (TM[S] Z )
= (TM[S] Z(O) v (%[5])2 (Z)}
v (TM[5]> ' )
T T * T
(TM[a]) L= (TM[5]> y)Vv (TM[5]> ()
(ii) Again, take x,y € X and 6 € A such that x < y. Then
(%2[5])2 (x) = (GM[5]>T (x*y) A (GM[a])T )
= (oma)), 04 (0a)), 0
(%[5])2 (x) = (0”[5])2@) and
(TM[(S])Z(X) < (T[a])Z(X*Y) Vv (TM[a])Z()’)
= (T”[é])Z(O) v (TM[B])Z »)
(TM[E])Z (x) < (TM[s]) Z (x).

We now give a condition for the IFSAT M [8]., of M[3]
which is an IFSID of X to be an IFSSU of X.

Theorem 4.4. Assume that IFSAT M [5}5 of M 8] is an IFSID
of X for a particular (x €[0,3]. If xxy <x, foreveryx,y € X
and 8 € A, then M [8]" is an IFSSU of X.

Proof Suppose that IFSAT M [8]%, of M[§] is an IFSID of
X. Assume that (x*y)*x = 0 for every x,y € X and § € A.

Then (GM[S]) ' (xxy) > <GM[6]) ' (x) > ( [5]) ' (xxy) A
(%"4[5])2@) (G ) (xxy) > i
and (’L’M[S])Z(x xy) < (

T
v (TM[B]) ) (TM[(S ) (xxy) <
Hence, M (5], is an IFSSU of X.

Theorem 4.5. If M [§] is an IFSS of X such that the IFSAT
M (8] of M 8] is an IFSID of X for a € [0,3), then the sets

T T
Tops = {x:x € X and (GM[SOa (x) = (GM[5})Q(O)} and

T T ‘
TTM[&] {x x € X and (TM[E]) o (x) = (TM[(ﬂ) " (0)} are ide-
als of X.
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T T
Proof Suppose that M [5]5 = ((GM[S]) o <TM[5]) > is an

o

T T

IFSID of X. Then (GMW) and (TM[5]> are fuzzy soft ideal
o o

of X. Obviously, 0 € TGM&]’TTMS . Letx,yeXand § € A

T
such that xxy € To,  and y € Tg,, 5 . Then (GM[&)O‘ (=
T T
¥) = (owe)) , (0= (o), () andso (o5 ) () =

Z (xxy) A (GM[SOZ () > (GM[(g])Z(O). Since

T T
O'M[S])a is a fuzzy soft ideal of X, (GM[S])a (x) =
T
(GM[SO . (0). This implies oj5)(x) + & = 015 (0) + & or
Ojz(s) (*) = Oyz15)(0) so that x € Toyy)- Therefore, To o is an

ideal of X.
Repeatedly, let a,b € X, § € A such that axb € TTM[&]’

T T T
b € Ty, ;) imply (TM[6]>a (a) = (TM[S])a (0) = (TM[5]>(X ()
andso  (g)). (@ < (a5) (@b (5) () =
(TM[SJ)Z (0). Since (rmé])z is a fuzzy soft ideal of X,

T T
(TM[a])a( )= (TM[s , (0) implies Tyz(s)(a) + ot = 7715 (0) +
o or Tyz5)(a) = Tyy5)(0) so thata € Ty Therefore, Try o
is an ideal of X.

Definition 4.6.  Ler M[§] = (cm], rmg]) and
N[§] = (GN[5]77N[5]> be IFSSs of X. Then N[8] is called
an intuitionistic fuzzy soft ideal extension (IFSIE) of M [8] is
the following are valid:

(i) N[8]is an IFSE of M [8]

(ii) If M [8) is an IFSID of X, then N [8) is an IFSID of X.

T
From the definition of IFSAT, we get (GM[S]) (x) = og15) (x) +
o
T
a and <TM[5]>0‘ (X) =
0 €A

TH[s) (x) — o for every x,y € X and

Theorem 4.7. Let M [8] be an IFSS of X and o € [0,3)]. Then
the IFSAT M [8]., of M [8] is an IFSID extension of M [3).

An IFSIE of an IFSID M [§] may not be represented as
an IFSAT of M [§], that is, the reverse of Theorem 4.7 is not
correct by the following example.

Example 4.8. Let X = {0,1,2,3,4,5} be a B-algebra in Ex-

ample 3.7 and M [§] = (O-M[g], ‘L'M[g]) be an IFSS in X by
X | o 1 2
M[5] | 1059,023] [0.50,0.36] [0.41,0.47]
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X | 3 4 5
M[5] | [0.41,0.47] [0.41,0.47] [0.41,0.47]

Then M [8] is an IFSID of X. Let N[§] = (GN[S] , TN[&])
be an IFSS in X by

X 0 1 2
N[0] | [0.62,0.20] [0.54,0.31] [0.43,0.45]

X 3 4 5
N[6] | [0.43,0.45] [0.43,0.45] [0.43,0.45]

Then N [8] is an IFSIE of M[§]. But it is not IFSAT
M [8]%, of M [8] for a particular o € [0,3] and § € A.

Clearly, the intersection of IFSIEs of an IFSID M [§] of
X is an IFSIE of M [8]. But the union of IFSIEs of an IFSID
M [8] of X is not an IFSIE of M [§] by the following example.

Example 4.9. Consider a B-algebra X = {0,1,2,3} with the
Cayley table:

W N = O %
W N = OO
N WO ==
—_— O W NN
S = N W W

Let M[8] = (G5, irgs)) be an IFSS in X by

X 0 1
M[5] | [0.62,034] [0.40,0.55]

X 2 3
M5] | [0.40.0.55] [0.40,0.55]

Then M [§] is an IFSID of X. Let N [§] and O [§] be two
IFSSs in X by

X 0 1
NT8] | 10.69.0.26] [0.52.0.31]

X 2 3
NT8] | [0.69,0.26] [0.52,0.31]

and
respectively. Then N [5] and O [8] are IFSIEs of M [8]. Obvi-
ously, then union N[5] U O[§] is an IFSIE of M [§], but it is
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X 0 1
0[d] | [0.63,0.28] [0.63,0.28]

X 2 3
O[8] | [0.46,0.43] [0.46,0.43]

not an IFSIE of M [3] since

Oxsjuos)(3) = Oxisiuois) (3% 1) A oxisiuais (1)
0.52 > 0.69A0.63
052 # 0.63
and
Tyisluop) 3) < Twisjuais) (3 1)V Tyisjuas) (1)
0.31 < 0.26Vv0.28
031 £ 0.28.

If (8] is an IFSID of X, Uy (amg];z) and Lg, (rmg];s)
are ideals of X for every t € Im (GM[(;]) and s € Im (’CM[(;])
with t > a. But, if M[8] is an IFSID of X, then Uq (GMWJ)
and L (TM[(;] ;s) are not ideals of X by the following exam-

ple.

Example 4.10. Consider a B-algebra X = {0,1,2,3} in Ex-
ample 4.9 and M [§] = (GM[5]’ TM[&}) be an IFSS in X by

X 0 1
M8] | [0.72,0.20] [0.47,0.48]
X 2 3
M[5] | [0.56,033] [0.56,0.33]
Since
o5 (1) = Oy (1%2) Aoy (2)
047 > 0.56A0.56
047 # 0.6
and
sl (1) < Tgs)(1%2) V 75y (2)
048 < 0.33v0.33
048 £ 033,

Therefore, M [5] = (O'M[é], TM[S}) is not an IFSID of X. For
a =0.13, = 0.70 and 5 = 0.25, we obtain Uy (GM[(;];I) =

Ly TM[S];S) = {0,2,3} which are not ideals of X since 2
3=1¢{0,2,3}.
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. T T .
Theorem 4.11. IfM[5]£ = ((GM[S])Q7 (‘WI[S}) > is an Again, let x € X and § € A. Than

o

T T
Trs1myT m N (e \N Ts)) (0) < (Twgs)) (%) (4.4)
IFSIDs of X, then (M[8]")" = ((GM[é])a’<TM[6])a> is ( )(; ( );
an IFSIDs of X. and (TQ [a]) 0 < (% [5]) W
- T T
Proof For every x € X and 6 € A, (1\;[ [6]™ ) 1sT an IFSS = 1= (TM[S])a 0) < 1- (TM[(ﬂ)a (x)
mT _ (gm o T T
in X defined by (M[5]"),, (("M[s])a’ (TM[5]>(1) where (TM[(;])O‘ 0) > (TM[S])(X (x) 4.5)
m is any non-negative integer. Let M [§]., be an IFSIDs of X )
and & € [0,3]. Then From Equations (4.4) and (4.5), we have
m \T m \T (TM[SOT 0) = (TM[5}>T (x) (4.6)
(O‘M[a])a(O) o5 (0) +a > s (x) + o = (GM[Sl)a(x) o o

(ii) Let x,y € X and 6 € A. Then

and (TA’;[S])Z (0) = 7ppi5(0) — @ < Ts (¥) — o = (1;3[5])2 (x) (o) . (o) ") A

for every x € X and § € A. Now, ) (6~ )(; ) 4.7)
(5] :

(Gﬁ[s])z(x) o ()t (613[6] (x<y) Aophis (v )) +o and ( Mkﬂ)i(x) > (o,g,[a])i(x*y) A (qu[a])T )

:(0'”[]<x*)’)+0‘> ( H()"’“)

(“ﬁ[al)z()z(w) (ve3) A (o )

=1- (%"1[5]) Z (x)

vV
>
—_
|
Q
Ex
)
N—
~
0
*
<
S~—
N———

IN
N
Q
2

=
N—
Q ~
—
=
*
NS
~
>

T
(T"’;W)T () = Ty () — @ < (5 (ex9) V500 ) — @ = (o), @ :
- (%S] (xxy) + O‘) v (%’3[5] ) - a) (GM[a]) L) (4.9)

m \T m \T N From Equations (4.7) and (4.9), we have
(1), @ = (%), oo v (), )

T T
) , (GM[s})a (x) = (GM[S])a (x ) A (GM[5]> (v) (4.10)
for every x,y € X and & € A. Hence, (M [5]"™) ,, is an IFSIDs

of X. (iii) Let x,y € X and § € A. Then
Theorem 4.12. If M (8], and (M [5)°)" are both IFSIDs (TM[S])Z (x) < (TM[(S])Z(X* MV (TMW)Z )
of X and o € [0,3), then M[8]L, is a constant function. 4.11)
Proof Let (8]}, and (M[5]°)" be both IFSIDs of X and and (7;7[5])1 () < (55 [5])2 (xxy) V (r;‘q[ﬁ])z )
g)ie[t(t)xsé X and & € A. Then N (TM[5])Z (x) < <1 _ (TM[S])Z (x*y)>
(GM[S]) Z 0) > (G'[s])z (x) 4.1 Y, (1 - (TM[S])Z (y)>
and ( M[g]) RORE (sz[a])z (x) ) ) ) (4.12)
=1- (GM[S]) Z o > 1- (GM[S]) Z (x) = (%[5]) L= (TM[a]) LNV (TM[s]) . E?B)
- (GM [5]) Z 0) = (GM W)Z (x) 42 Brom Equations (4.11) and (4.13), we have
From Equations (4.1) and (4.2), we have (TM[SOZ - (TM[S])T o) ( [8]) )
(oi6). © = (s, (43) (4.14)

0ol
Q000
S5002072

Seatveraz
2, G

693
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Hence (4.6),(4.10) and (4.14) = M [§ ] is a constant function.

Theorem 4.13. Let M 8] be an IFSS of X and o € [0,3)].
Then the IFSAT of M|8] is an IFSID of X if and only if

Uqa (GM[a];f) and Ly (TM[5];S) are ideals of X for

telm (GM[5]>, s€lm (TM[5]) witht > .

Proof Let M[5]. = ((GM[S])Z (i) > be an IFSID
of X. Then (GM[S])T

X Lettelm(

T

and (rmé]) are fuzzy soft ideals of
o o

GM[S])’ selm (TM[5]> with ¢+ > o. Since

T T
(GM[S]) (0) > (GM[&]) (x) forall x € X and 6 € A, we
a o
T T
(5] = 9ms)) ,(O) = (s ), (X) = s
have oy5/(0)+a= (o 0)>(7 (x) = oy (x)
+ o for x € Uy (GM[(;];t). Hence, 0 € Uy (GM[S];I). Let
x,y € X such that xxy,y € Uy (GM[6]§t)- Then Oy115) (x
T
y) 2t —a and oy (y) =21 —a, ie., (GM[‘S})a (xxy) =
T
Ojy(5)(x*y) + o > 1 and (GM[5}>Q(Y) = Oy5) () o > 1.
T
Since <GM[5]) is a fuzzy soft ideal of X, we have oy;(5(x) +
" T T

o= (GM[S])O( ()C) > (GM[&)G (.X*y) AN (O-M[é])a (y) >t that
is, O3] (x) >t —a so that x € Uy, (GM[S];t). Therefore,

Ugy (GM[B];t> is a fuzzy soft ideal of X.

Again, since (TM[S])
o

Tiy5)(0) — o0 = (%[5]) (0) < ( 5])04 x) =
) Hence, 0 € Ly ( Ty 5],) Letx,yeX

T
< ( ]) ) for all x € X,
T
3)(x) — o
for x € L(x (TM[S],
and 6 € A suchthatx*y,y € Ly (TM[5],S). Then Ty5) (x*y) <
T

s+o and Tg5(y) < s+ a ie, (TM[(;])a(x xy) =

T . T
Tyzjs) (x*y) —a < sand (TM{E]) (y)— o <s. Since (ng]) .

T

is a fuzzy soft ideal of X, we have Ty (x) — ¢ = (’L’M[(;]) . (x)

o

T T .
< (%[3]) (xxy)V (TM[s]) (y) <5, thatis, Tyy5(x) <s+a

so that x € L (TM[B] . Hence, L, (TM[S] ) is a fuzzy soft

ideal of X.
Conversely, assume that Uy (GM[(;];I> and L (TM[S];S)

are ideals of X fort € Im (GM[S]), selm (TM[S]) witht > o.

T T
If there exists i € X such that (GM[‘S])a 0)<A < (GM[S]) .
(i), then oy(5) (i) > A — o but 675 (0) < A — . This shows
that i € Uy (Gyyi5:1) and 0 ¢ U ( i ) Which is a con-

tradiction and (GM[(;]) ( x) forall x € X and
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0 €A.
T
Repeatedly, if there exists j € X such that (TM[S]) (0) >
a
T
¢ > (TM[S])a (]), then TM[(;] (q) < @+ o but TM[S] (0) > Q-+
o. This shows that j € Ly (TM[S];S) and 0 ¢ Ly ( V[s)S )
T
This is a contradiction and (TM[(;]) (0) < (‘L’M[5 ) (x) for
o
allx € X and 8 € A.
T
Let k,f € X and 8 € A such that (GM[S]) (k) < B <
o

T
and Oy (5 ]( ) > ﬁ — @, but ojs)(k) < B —a. This shows
that kx ¢ € Ug (GM[S] Z) and / € Ug (GM[ ] ) but k ¢ Ug

T
(GM[S];t>. Which is a contradiction and (GM[S])Q (x) >

T T
(O'M[a]) (xxy) A (O'M[(;]) (y) for every x,y € X and § € A.
o o
Again, suppose that there exists m,n € X such that

T T T
(TM[S])Q (m) >Y > (TM[ﬁ]) " (m * I’l) A (TM[E]) " (n) Then
Tygjs) (m=n) < y+ o and Ty 5 (n) < v+ o, but Ty 5 (m) > v+
o. Hence, m*n € Ly (TM[é];S) andn € Ly (TM[5]35>’ but
m ¢ LO( (TM[&],S

(%[5])2 (x) < (TM[a])Z (xxy)V (TM[S]) Z (y) forevery x,y €

M[8);, = ((GM[S])Z ) (’WJ)D

o]= (GM[(;],’EM[SO be an IFSID of X

If a <P, the IFSAT M)}, =

) of M [8] is an IFSIE of the IFSBT
T

(i

This is impossible and therefore,

X and § € A. Consequently,
is an IFSID of X.

Theorem 4.14. Let M |
and o,B € [0,3].

]
T T

((GMW) o (53,
_ T _
M(8]g = ((GM[a])a7 (s >a> of M [5].
Proof Straightforward

For every IFSID M [§] of X and f8 € [0,3], the IFSBT
is an IFSIE of M [5]”,

T
o> and N[8] > M[8]%, means that o5 (x) > (oms])
o

then there exists € [0,3] such that

T
and Ty5) (x) < (’L’M[(;]) . for every x,y € X and 6 € A.

Theorem 4.15. Let M[S] be an IFSID of X and 3 € [0,3].

For every IFSIE N |8 ( s T ) of the IFSBT M [8)"
of M [8), there exists o € [0, ]rsuch that o0 > B imply N [8]
is an IFSIE of the IFSAT M 8], of M [8).

Let us clarify Theorem 4.15 by the following example.
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Example 4.16. Consider a B-algebra X = {0,1,2,3,4,5}

in Example 3.7 and M [§] = (G~[ 5] (s ]) be an IFSS in X
by
X 0 1 2
M([d] | [0.69,0.26] [0.54,0.37] [0.71,0.28]
X 3 4 5
M[8] | [0.54,0.37] [0.69,0.26] [0.54,0.37]

Then M [8] is an IFSID of X and 3 = 0.28. If we take

T T
B = 0.11, then the IFSBT #7[8]}; = ((omg])ﬁ,(rm])ﬁ)
of M [8] is given by

X 0 1 2

M35 | [0.80,0.15] [0.65,0.26] [0.80,0.15]
X 3 4 5

M8} | [0.65.026] [0.80,0.15] [0.65,0.26]

Let N[8] = (G5}, g5 ) be an IFSS in X by

X 0 1 2
N[68] | [0.85,0.09] [0.73,0.17] [0.85,0.09]

X 3 4 5
N[o] | [0.73,0.17] [0.85,0.09] [0.73,0.17]

Then N [8] is clearly an IFSID of X, an IFSIE of the
intuitionistic fuzzy soft B-translation M 8]’ of M[§]. But
N{[8] is not an IFSAT of A for a particular o € [0,3]. If
we take o¢ = 0.15 then ¢ = 0.15 > 0.11 = 8 and the IFSAT

T T o
M[S]ﬁ = ((GM[g])a, (TM[g])a> of M[0] is given as fol-

lows:

X 0 1 2

M[5]L [ 10.84,0.11] [0.69,0.22] [0.84,0.11]
X 3 4 5

M[5]T [ [0.69,022] [0.84,0.11] [0.69,0.22]

Note that NV [8] (x) > M [8], (x) that is o5, (x) > (GM[5]>T

T
and Ty (x) < (TN[S}) for every x € X and § € A, Hence
o
N{[8] is an IFSIE of the IFSAT M [§]., of M [3].
For any IFSS M [§] = (GM[S] ) TM[(;]) of X, an intuitionistic

(o), - (sis) )

fuzzy soft O-multiplication M [§] =

695

of M[8] is an IFSID of X.

Theorem 4.17. If M [3] is an IFSID of X, then the intuition-
istic fuzzy soft p-multiplication of M [8) is an IFSID of X for
every p €[0,1].

Proof Straightforward.
Theorem 4.18. [f M 8] is any IFSS of X, then the follow-
ing are equivalent:

(i) M[5] is an IFSID of X.

(ii) for a particular p € [0,1], M [8]"

p
Proof Necessary follows from Theorem 4.17 For Sufficient

partlet p € [0, 1] such that M [§]) = <(GM[5])p , (TMW)p)
is an IFSID of X. Then for every x,y € X and § € A, Oy (x) ®
p = (GM[6]>p (x) = (GM[a]) (x*y) A (GM[s]) ) =

is an IFSID of X.

(owmcer)ep) A (oum)en) -
(GM 5)(x*¥) A oyy5) (v ))'P and Ty5)(x) o p (TM 5]) (x) <
(7: Vi[s) :x*y ( ) TMS] X%y op)

(’L‘M 5| (v)ep ) = (TM[(S](X*Y)\/TM (y )) e p. Therefore,
x)

[ ]
Oji115)(X) = Oyys) (x % ¥) A Ojzis)(v) and Typs)(x) < Tyys) (x %
¥)V Ty (v) for every x,y € X and o € A since p # 0. Hence,
M [8] is an IFSID of X.

Theorem 4.19. IfM[ 1P and N (8], be IFSIDs of X and
o € [0,3], then M[8]L, NN [8]}, also an IFSIDs of X.

Proof Let M[8]. and N[8]% be two IFSIDS of X. Then

T T
forevery x € X and 8 € A, (6,,;,[5]) . (0) > (TM[S])OC (x)and

(Tz”v[a])Z(O) > (TN[S])Z(X)~ Now (GM[B]QIV[S])T(O) =
(GM[B]NV[S])Z(O) +a = (GM[s]( ) A\ Ogs ](0)) +a >
(GM[S] (x) A o5 (x)) +a <GM[5]NV[5]> ' (0) ( [8]AN[5] )

(x). Again for any x € X and 6 € A, we have (’L’M[S]QN[(;]) (0)
(04

= (TM[S]QN[S])Z(O) - o = (r~[5](0)vm[5](0)> -«
T

< (TM[s] (x) V Tyyjg) (x)) - (TM[ﬁ]ﬂN[ﬂ) a

(x). Letx,y € X and § € A, we have

Oy [a]mzv[s])T (x) = Oz (*) +

(c x) A\ O[5 ())+oc

[( Ojia(s) (X *Y) A Oy ](Y))/\( N[S](X*Y)/\GN[S](y))}+a
[(( 1(5) (¥ ¥) A\ Oy s X*y) ( Y) A\ Oyjs (y))}+a
)

Ots)nwis] (X * ) A Oprsinmis) (V

T

(0)< (TM[S]mN[S]) o

e

o
L0,
Ssa2ez
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- (GM[S]ﬁN[a] (xxy)+ OC) A (0-1171[5]019[8] O) + a)

T T

(x) > (GM[é]mN[S])Z () A (GM[ﬁ]mN[é]) )

(GM[a]mN[s] "

o

i3 (%) V g (1)) — @

(T 115 (X% Y) V Tygg) (Y)) v (TN[E] (x%y) V Typs) (Y)ﬂ -
(i1 () V Ty (649) ) V (i) 0) V Ty ) | — @
xxy)V TM[a}mN[a] (y)) o

)-a)

(TM [8]NN| 5])T (»)-

sjwis)

T
(T*[a]mﬁ[(ﬂ)a (x) < (TM[S]HN[(S ) (x*y)V
Hence, M 8]}, NN []], is an IFSID of X.
4.20. Mg, =

((GM[&])Z : (TM[@_])Z =12, ) be an IFSID of X. Then

Theorem Let

n
ﬂ M [5] is also an intuitionistic fuzzy soft ideals of X, where

NS ) = {(x (/\GM[5i](x):i:1,2,...)7
(\/G-wi](x) ES 1,27~~>> :x€Xand 6 € ﬂA,}

5. Translations of intuitionistic fuzzy soft
a-ideals

In this section, translations of intuitionnistic fuzzy soft a-
ideals are defined by a few of their results studied.

Theorem 5.1. I‘fM[ ] (O-M[ 5] TM[5]) is an IFSAID OfX,
then IFSAT M([3]% ((GM[S])w (Thjs) ) of M[8] is an IF-
SAID of X for a particular o € [0,3)].

Proof. Let M[38] = (o w(5)» Titfs)) be an IFSAID of X and o €
[0,3]. Then (O'M[a]) (0) = 615/ (0) 4 ¢ = 05 (x) + 0 and

TM[éJ = Tjz15)(0) — & < Ty (x) — & for every x € A
and 0 € A. Now

(01180 (V%) = Oy (v %) + & > (Opgg (x5 2) % (0% )) A
Ojrps)(2) +

= (Oy15) ((xx2) % (0 ) + @) A (Op5) (2) + @)
(0118)) 0 (%) = (Gyrgs)) & (x5 2) (0% ¥)) A (0yz5) ) (2)

and
(TM[(S])g(y*X) = Tyzs) (v #x) — & < (T ((x#2) (0% y)) V
Tis)(2)) — o

= (Tygi5)((xx2) (0 y)) — ) V (Tp5) (2) — @0)
(Tirgs)) & (v *x) = (Tags)) e ((x+2) * (0% 3)) A (Tygs)) 6 (2)

for every x,y € X and & € A. Hence, the IFSAT M|8]., of
M([8] is an IFSAID of X. O

Theorem 5.2. Let M[8] be an IFSS of X such that the IFSAT
M[8)%, of M|8) is an IFSAID of X for a particular o € [0,3].
Then M|8] is an IFSID of X.

Proof. Assume that M[5]7, is an IFSAID of X for a particular
a€[0,3]. Letx,yc X and § € A,

O115)(0) + & = (0y75)) 6, (0) > (Gyrs)) & (%) = Oy (x )+0€
Tias) (0) — & = (g (0) < (TM[a})T( ) M5 (X)

Now, we have

Oyt (v * %) + & = (Oyp )6 (v %) > (GM[s])g((x*Z) * (0%
V) A (Gjris))6(2)

= (Opgs) ((x2) % (0% y) + 0)) A (Opp5)(2) + 1)

G]Vgﬁ](y*x)Jraz(GM[é]((x*z) (0%)) A Ojyie)(2)) + @

Tirs) (V%) — 00 = (Tyzi5) 6, v+ %) < (Tyzi)) 6 (x5 2) % (0%y)) v
(Thas) o)

o))V (Tys)(2) — @)

YDV Ts)(2)) — @

= (Tyg1s) (x2) % (0 y) —
Tajs) (V%) — & < (Tyggs) ((x *Z)*(
which implies that o715 (y *x) > (o, m((x*z) (0xy)) A
Oj115)(2)) and Ty (y*x) (Thags) ((xx2) % (0 ) V Typ5) ()
for every x,y,z € X and 0 € A. Hence, M]|8] is an IFSID of
X. O

Theorem 5.3. If the IFSAT M[S8)%, of M[3] is an IFSAID of X
for a particular a € [0,3], M[8]L, is an IFSSU of X.

Proof. Let IFSAT M([3]% of M[§] is an IFSAID of X.Then
(ot(5)) o (% %) > (Opgis)) & (x2) % (0% ¥)) A (075 ) (2) and
(Tirgs)) 6 (V%) > (Tyzgo)) 6 (x%2) % (0% ) V (Ty75 ) (2) Since
M]8] is a subalgebra,

(01180 (v *x) = Oy (%) + 0 > (g () A
(GM[a]( x)+0t) A (G5 (y) + 0t)

M[5 Da(#x) > (0y115)6(x) A (Ox5)) 6, ()

Ojrs)(¥)) +

(o
an
(Tars) ) e (X)) = Tz () — 0 < (T (¥) V Ty (v)) — ¢
(TM[a] (x) — ) V (Ty75) (v) — @)

(Tirs)) 6 v *x) < (T () V (Tazs) o ()

Therefore, M [5]5 is an IFSSU of X O

Theorem 5.4. Let M[8] be an IFSS of X such that the IFSAT
M[8)%, of M|8] is an IFSAID ofoor a particular o € [0,3].
Then the sets Tyyg) ={x€ X : (GM[(;]) (x)= (GM[al)g(O) and

(TM[S})T( x) = (TM[5) (0)} is an a-ideal of X.

Proof. Clearly, 0 € Tyz(5). Assume that x,y,z € X and 6 € A
such that (x*z) * (0%y),z € TM[S] then (GM[S]) ((xxz)* (0
¥)) = (%4115))a(0) = (Oyyg5))a(2) and (Tygs)) g ((x % 2) = (0
) = (TM[s])g(O) = (Tyz(5))(2)- Thus, we have (Gjy(5)) & (v *

x) > (GM[B]) ((x2) % (0%)) A (0j715)) . (2) = Oiz5(0) and
( [5]) (v x) < (T (% 2) % (0%3)) V (Tizi)) 0, (2) =
(5)(0). Since, M(8]{, of M[8] is an IFSAID of X, (0yys))¢,
) = 0jiz15)(0) and (Ty(5)& (v * X) = Ty(5)(0). Therefore

0ol
Q000
S5002072
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(Owt5)) 6 (v %) + & = Gz 5 (0) + ¢ and (Typ5)) 6 (y %) — ¢ =
Tyz;5)(0) — o, which implies 015 (v *x) = Oyy15)(0) and Ty 5
(y#x) = Tjz5)(0), so that y «x € Tyyrg). Therefore, Tyy(5) is an
a-ideal of X. O

Theorem 5.5. Let M[S) be an IFSS of X such that the IFAT
M[8)1 of M[8] is an IFSID of X. Then the following statement
are equivalent:

(i) M[8 ]a is an IFSAID of X,

(ii) M[8];, ((X*Z) (0y)) < M[8]g(y* (x+2)),
(iii) M[8]5(x* (0xy)) < M[8]5(y*x) .

Proof. (i)=>(ii) Let M[8]%, is an IFSAID of X. Then for
every x,y € X and 6 € A, we have (O'M[a]) (y*(x*2z)) >
(oht5)) e ((x%2) % 0) % (0%)) A Oy (0).

= (Oy116]) & (x2) x0) % (0% y))

= (op5)) 6 ((x%2) % (0% y))

and

(Tirgs)) 6 (v (¥%2)) < (Tyg15) 6 (x%2) 0) % (0%)) V Ty7(5 (0).
= (T (x%2) % 0) % (0%y))
= (T ((x%2) % (0xy))

(i1)=-(1i1): Taking z = 0 in (ii) includes (iii).

(ii))=-(i): Assume that x,y,z € X and 0 € A, we have (xx (0
¥))* ((xx2) % (0%y)) # (0% y) < xx (x*2) <z So (G5 (x*
(0xy)) = (M[S])g((x*z)*(O*y))/\(GM[S])g(Z)'

Now, by part (iii), we have (G5 ])T(y*x) > (GM[S])g((x*z) *
(0 % ¥) A (ojsp)alz) and  (Tygg)e(x * (0 * y))
< (Tirgs)) 6 ((x%2) * (0% ) v (TM[a )&(2)-

Now, by part (iii), we have (TM ) (y*x)

(0xy))V (TM[s])T( )-

Hence M[S] is an IFSAID of X. O

< (Tyggs)) (2% 2)

Theorem 5.6. Let M[3] be an IFSS of X such that the IF-
SAT M[8)Y of M[8] is an IFSID of X . Iffor every x,y,7 €
X and eA,(GM[(;])g((x*y) *x7) = (O-M[(s]) (xx(y*z)) and
(Tiris)) 6 ((x%Y) %2) = (Tygs)) & (xx (v 2)), then (M([8])g, is an
IFSAID of X.

Proof. Forallx,€ X and 6 € A, (o, H) (0xx)) = (o )

(GM[a])T(X*(X*X)) (Ow(s)) e (x)- i-e. (Oy )
(GM[(;]) (x). Now for every x,y,€ X and 6 € A

Da(x#) = (O4715)) (0 (x%y))

((x*x)*x) =
(0xx) =
have
(Girjs)) e (x % (0%y) =
= (Gjr15)) 6 ((0%x) %) = (s 5))a ((0%) %x)
= (01150 (0 (v *x))

(ous)) e (x % (0%y) = (o) ])5()’

o(x (TM[a )o(xxy) =
5((0*x)*y) (T

(Gurgs
(o,

x) and
(Tirgs)) 6 (0% (x+y)) =
5))e((0%y) xx)

(TM[a) (X*(O*Y) (Tirjs)) e (v *x)
Hence by Theorem 5.5 (iii), M[8 ] is an IFSAID of X.
O

Definition 5.7. Let M[5)] and N[8)] be IFSS of X. Then N[J]
is called an IFSAIDE of M|[8) if the following statements are
valid:

(i) N[8] is an IFSE of M[§),

(ii) If M[8) is an IFSAID of X, then N[8)] is an IFSAID of X.

Theorem 5.8. Let M[5] be an IFSAID of X and o € [0,3].
Then the IFSAT M([3)}, of M[3)] is an IFSAIDE of M[§).

An IFSAIDE of an IFSAID M|[§] may not be represented
as an IFSAT of M[§], i.e., the reverse of Theorem 5.8 is not
correct by the following example.

Example 5.9. Consider a B-algebra X = {0,1,2} with the
Cayley table:

Let M[8] be an IFSS in X by Then, M[8] be an IFSAID

X | o 1 2
M[5] | [0.7.02] [0.5.0.4] [0.5,0.4]

of X, because
Oy115) (2% 1) = Opp5) ((1%0)  (0%2)) A G5 (0)
iis) (1) = Gr(5(0) A Oy (0)
0.5=0.770.7
0.5%0.7
and
i) (2% 1) < Tyg) ((150) + (0
Tiis) (1) < Ty (0) V Tz (0)
04=0.2Vv0.2
0.4 £0.2.
Now, for ¢ = 0.2, = 0.62 and s = 0.43, we have Ua(GA;,[(;] ;1)
= {0} and Ly (7y75);5) = {1} which is not an a-ideal of X,
because (1x0)«(0%x2) =0¢€ {0}, but2x1=1¢ {0}.

2))V Ty (0)

Example 5.10. Consider a B-algebra X = {0,a,b,c} with
the Cayley table:

«x[0 1 2 3
0[0 2 1 3
/1 0 3 2
212 3 1 0
3/]3 2 1 0
Let M[8] be an IFSS in X by
X | o 1 2 3
M[5] | [0.7,0.1] [0.7,0.1] [0.5,03] [0.5,0.3]

o
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Then M[5] be an IFSAID of X.Let N[5] be an IFSS in X
by

X 0 1

N[8] [ [0.73,0.13] [0.73,0.13]
X 2 3

N[8] [ [0.51,031] [0.51,0.31]

Then N[8] is an IFSAIDE of M[§]. But it is not the IFSAT
M([8] of M[8], for all & € [0,3].

For an IFSS M([3] of X, o € [0,3] and € [0, 1] with ¢ > a,
let Un(Oyi5):t) := {x €: Op5)(,) =t — } and La(r@[(s];s) =
{x €: Tyg5)() < s+ }. Itis easy to check that, if M[§] is an
IFSAID of X, then for all t € Im(0yy(5)), s € Im(Ty;5)) With
t > o, Ua(0y;5)31) and La(Tyy16);5) are an a-ideal of X.

Theorem 5.11.  Let M[5] be an IFSS of X and o € [0,3)].
Then, the IFSAT of M|8] is an IFSAID of X if and only if
Ua(0yy(531)

and Lo(Tys);s) are an a-ideal of X for t €
Im(GM[a]), NS Im(TM[S]) witht > .

Proof. Let M[8]], = ((GM[S})g, (TM[S])Q) be an IFSAID of
X. Then (GM[S])Q and (’L’M[(g])g are FSAID of X. Lett €
Im(6yy(5)), s € Im(Ty5)) with 1 > . Since (GM[a])g(O) >
(GM[S})g(x) for all x € X and & € A, oy5(0) + o0 =

(041151) 6 (0) = (Ty115)) & (x) = Oy (x) + 0t for x € U (G531

Hence, 0 € U (Oyy15)31)-

Let x,y,z € X and 8 € A such that (xxz)* (0*y),z
Uq(0y(5)31)- Then GM[5]((X*Z) (0%y)) >t —aand oy5/(2
>1—a, ie (Os)e((xx2) % (0% y)) = Oy ((xx2) % (0
¥))+0 >t and (055 (2) = Ojz15) (2) + o = 1. Since (Oyy5))5,
is a fuzzy soft a-ideal X, oy (y*x) + & = (Gyz5) (v ¥ x
(Girgs)) e ((xx2) % (0%)) A (Opyis)) e (2) = 1, .. 0p15) (v x
1 — a so that yxx € Ug(Oyyg)31). Therefore Ug(0yy(5:1) i
FSAID of X.

Again, since (TM[‘;])T( ) < (’L’~[5]) (x) forallx € X and
8 € A, we have Ty5)(0) — & = (Tj7(5))6,(0) < (Tyzis)) (x) =
Tyzj5)(x) — @ for x € Lo (Tyy6)35)- Hence, 0 € Lo (Ty(s)3 ). Let
x,y,2 € X and & € A such that (x*z) * (0xy),z € La(Ty(5)5)-
Then Ty ((x*2) * (0% y)) < s+ and Ty5)(2) <1+, e,
(TM[ﬁ])T((x*z) (0%y)) — o < s and ’CA;,[(;] (z) — o < 5. Since
(TM[(;]) is a FSAID of X, 775 (y*x) — (TA;,[a])g(y *x) <
(Tirgs)) 6 ((x%2) * (0% ¥)) A (Tyz(5)) &, (2) S 5, L.e., Tz 5 (y*x) <
s+ so that y«x € La(Tyzs)3s). Hence Lo (Tyy5);5) is a
FSAID of X.

Conversely, assume that U (0y5)37) and La (Tyy(5);5) are
a-ideal of X for ¢ € Im(0yy5)),s € Im(’c 5) witht > a. If
there exists i € X such that (GM[5 )1(0) < /l (GM[S])a( i),

»—-\/v
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then o5/ (i) > A — o but 0y7(5)(0) < A — . This shows that
i € Ua(Oy15; ] t)and 0 ¢ Ua(O'M[(;] t). This is a contradiction,
and (O'M[(;]) (0) > (op5 ]) (x) for every x € X and J € A.
Again, if there exists j € X such that (TM[5]) 0)> o>
(TM[(;]) (j), then Ty (i) < @ + & but Ty75/(0) > @+ ct. This
shows that j € La(Tys)3s) and O ¢ La(Ty(s):s). This is a
contradiction, and (TM[ﬁ])gc(O) < (TM[(;])g(x) for all x € X
and 6 € A.
O

Theorem 5.12. [f M[8] is an IFSAID of X, then the intuitin-
istic fuzzy soft p-multiplication of M is an IFSAID of X for
every p €[0,1].

Proof Straight forward

Theorem 5.13. If M[8] is any IFSS of X, then the follow-
ing equations are equivalent:

(i) M[3] is an IFSAID of X

(ii) for any p € (0,1], M[8]y is an IFSAID of X.

Proof. Necessary follows from Theorem 5.12. For sufficient
partlet p € (0, 1] such that M[S]} = ((oy15)) » (Tazgs))py) is an
IFSAID of X. Then for every x,y,z € X and § € A, oy(5)(y *
x)op = (0y15))p (v*x) = (Oyy1s))p (x%2) % (0%)) A(Oyz5))p
(z) = (oy15)((xx2) % (0% ) ) @ p) A(Oy;5)(z) @ p) = (O ((
2)#(0%y)) A Oy15)(2)) @ p and Ty (v x) @ p = (Tyzs))p (v *
x) < (Tygg))p ((x2) % (0% ) V (Tyz16) ) (2) = (Tyggs) (3% 2)
(0xy))op) V (Tyz5)(z) @ p) = (Tyzi5) (3 2) % (0%¥)) V Tyy5) ()
e p. Therefore, Oy s5(y*x) @ p > Opys)((x % 2) * (0% ) A
Oja15)(2) and Tyys) (y+x) @ p = Tygrs) ((x2) + (0% )) V Typy5) (2)
for every x,y,z € X and 8 € A since p # 0. Hence, M is an
IFSAID of X.

Let k,/,m € X and d € A such that (GM[é])g(k) <B>
Oags) (1) > ﬁ o, but oy(5) (k*l) < ﬁ o. This shows that
This is a contradlctlon and (GM[5]) (x*y) (GM[(;]) ((x*
2) % (0%Y)) A (0yz5)) ¢, (2) for every x,y,z € X and § € A.

Again, suppose that there exists n,o,p € X and 6 € A
such that (TM[S])T(O *l’l) >y < (TM[S]) ((I’l *p) (0* 0)) V
(Tigs))a(p). Then () ((n+ p) * (0%0)) < v+ o and
Tiis)(0) < ¥+ o, but Ty (0% n) > y+ a. Hence, ((nx*
p)*(0%0)) € La(Tyy5):5) and p € La(Tyz;5)5), but (0% n) ¢
La(Ty5);5)- This is not possible and therefore, (TM[S])Q(O *
1) < (5L (1) % (0%0)) V (ty4))1 (p) for every x, .z €
X and & € A. Consequently, M[8]7, = ((0yz(5)) - (Tazgs)) ) is
an IFSAID of X. O

Theorem 5.14.  Let M[§] and N[n| be two IFSAID of X
and for a particular a € [0,3],M[8)L, and N[n)L, be the IF-
SATM[S] and N[n|L, of M[8] and N[n), respectively. Then
M([8)1 x N[n]% is an IFSAID of X x X for a particular o, €
[0,3].
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Proof. Forevery ¥ = (x1,x2) € X x X and (6,1) € A X B, we
obtain

(wts)x8m)) e (0) = (Gt vy e (0, 0)
= (Ot(s]xw ())& (0) A (Cazs) vy e (0)
> (Gt %)) e (1) A (Oxgs)xipm) e (%2)
= (Oy1s)xm)) & (x1,%2)
(w518 & (0) = (Gt ivm)) & (%)
and
(Tt xmm) & (0) = (Tazs <))& (0,0)
= (Tias) ) o (0) V (Taas) v & (0)
< (Tats)xnn)) 6 (¥1) V (Taas) ) o (2)
= (TM[a}me])g( 1,X2)
(Titis) <)) e (0) = (Tuas)xavn)) o (-

Also, for every X = (x1,x),7y = (y1,72),Z= (21,22) EX x X
and (6,7m) € A x B, we have

(Gitis)xnm)) o T+ ) = (Oyigs)cmim)a (1 X1, 2 %x2)

= (y15)) & 1 %x1) A (O ) (2 x2)

> (o)) ((x1%21) % (0% 1)) A (Gjggs)) e (1)]A

(o) 6 ((x2%22) % (0% y2)) A (GN[n ) (Zz)]

]
n)alz1,22)
a7 3) > (75w o (T 2) % (0 7))
A (GN[S]XN[T]])E(Z)
= (T ]xN[n])g(yl *X1,Y2%X2)
= (Tugs )g(yl*xl) V (T 6 (2 % x2)
[

> [(Tygs)) o (x1%21) % (0 y1)) V (TM[s])T(ZI)]V
[Ty e (2% 22) % (0% 32)) V (T ) & (22)]

)
22

= (T (31 *Zl)*(o*yl))\/( m)a((2%22) % (0%2))]
VI(Tags)é(21) V (Typ))a(22)]
= (TM[S]XN[n])T(((x17x2) *(21,22)) % ((0,0) * (y1,2)))
\/<TM[ ]xN[n]) (z1,22)
(Titis)xmim) e T+ %) < (Tuas)enn)) (T 2) * (0%7))
v (TM[S xN[n]) ( )

Therefore, M[8] x N[n] is an IFSAID of X. O

6. Conclusion

In this paper, IF soft translations of IFSSUs, IFSIDs, and
IFSAIDs of B-algebras are introduced to a few of their useful
properties investigated. But the converse is not true with
examples are given. IF soft translations, and IF soft extension
of IFSSUs, IFSIDs, and IFSAIDs have been constructed. Also,
IF soft translations of IF soft ideals are a constant function.
Finally, proved that the product of IF soft translations of IF
soft a-ideals is an IF soft a-ideals. For future works, we can
work on some other IFSIDs in BG-algebras.
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