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ABSTRACT

As an extension of the applications of soft sets in a-ideals of BCI-
algebras, we have defined the idea of ‘intuitionistic fuzzy soft «-
ideals’ and proved their basic properties. ‘Intuitionistic fuzzy soft
BCl-algebras’ and ‘intuitionistic fuzzy soft ideals” have been described
with the help of concrete examples. We proved that any IFS/ of a BCK-
algebra is an ‘intuitionistic fuzzy soft BCK-algebra’ (IFSgckA). After-
wards we have proceeded towards the detail discussion of IFS,Is.
The notion of intuitionistic fuzzy soft a-ideals in BCl-algebras is pre-
sented, the corresponding properties are proved and concrete appli-
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cations are given. Connections between various types of intuitionis-
(8; n)-level set

tic fuzzy soft «-ideals and intuitionistic fuzzy softideals are described.
Intuitionistic fuzzy soft a-ideals are characterised using the idea of
soft (8, n)-level set.

1. Introduction

In the present era, uncertainty is one of the definitive changes in science. The traditional
view is that uncertainty is objectionable in science and science should endeavour for cer-
tainty through all conceivable means. At the present it is believed that uncertainty is
vigorous for science that is not only an inevitable epidemic but also has great effective-
ness. The statistical methods particularly the probability theory was the first type of this
approach to study the physical process at the molecular level as the existing computational
approaches were not able to meet the enormous number of units involved in Newtonian
Mechanics.

During the world war Il, the development of computer technology assisted quite effec-
tively in overcoming many complicated problems. But later it was realise that complexity
can be handled up to a certain limit, that is, there are complications which cannot be over-
come by human skills or any computer technology. Then the problem was to deal with such
type of complications where no computational power is effective.

Zadeh in 1965 [1] put forward his idea of fuzzy set theory which is considered to be the
most suitable tool in overcoming the uncertainties. This theory is considered as a substitute
of probability theory and is widely used in solving decision making problems.
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Moreover, rough set theory and theory of interval mathematics were also introduced to
cope with uncertainties. In daily life, conventional methods are not efficacious for solving
difficult problems. Molodtsov [2] pointed out that due to insufficiency of parametrisation
tool, the theories like, the probability theory, fuzzy set theory, the theory of interval mathe-
matics are difficult to apply. He solved this problem by presenting the idea of soft set theory.
This theory is extensively used in many different fields.

Acar et al. [3] defined soft rings and introduced their basic properties such as soft ideals,
soft homomorphisms etc. by using soft set theory. Neong [4] made an attempt to solve a
decision problem using imprecise soft sets by considering a hypothetical case study. C elik
and Yamak [5] elaborated various applications of fuzzy soft set theory in medical diagno-
sis using fuzzy arithmetic operations. Qin and Hong [6] discussed the algebraic structure of
soft sets and constructed the lattice structures of soft sets. They also introduced the con-
cept of soft equality and derived some related properties. Ali et al. [7] presented some new
operations like restricted intersection (union, difference), extended intersection, relative
complement and verified the De Morgan’s Laws using these newly defined operations.

Imai and Iseki [8] introduced the idea of BCK/BCl-algebras by considering the proper-
ties of set difference. Masarwah and Ahmad [9-13] discussed the properties of different
fuzzy ideals in BCK/BCl-algebras. Senapati et al. [14] applied cubic intuitionistic structures to
ideals of BCl-algebras. Senapati and Shum: [15] elaborated the properties of cubic implica-
tive ideals of BCK-algebras. In 2008, Jun [16] applied soft set theory to the theory of
BCK/BCl-algebras and presented soft BCK/BCl-algebras, soft subalgebras and deliberated
their properties. In [17] Jun et al. presented the notions of fuzzy soft BCK/BCl-algebras,
(closed) fuzzy soft ideals and fuzzy soft p-ideals and conferred apposite properties.

Atanassov [18] generalised the fuzzy sets by presenting the idea of intuitionistic fuzzy
sets. Hayat et al. [19, 20] applied Intuitionistic fuzzy soft sets to various real life decision
making problems. Abu Qamar and Hassan [21] considered an approach towards a Q-
neutrosophic soft set and its application in decision making. By considering the idea of
intuitionistic fuzzy sets by Atanassov [18] below we extend the study of applications of
soft sets in a-ideals of BCl-algebras and introduce the concept of intuitionistic fuzzy soft
a-ideals and prove their basic properties. We also describe connections between various
types of intuitionistic fuzzy soft a-ideals and intuitionistic fuzzy soft ideals. We explore use-
ful facts on various operations given in [7] and [22] on intuitionistic fuzzy soft a-ideals and
characterise intuitionistic fuzzy a-ideals by soft (8, )-level sets. Presented examples give
applications of our results. A basic literature relevant to the intuitionistic fuzzy soft theory
one can find in [23].

2. Preliminaries

BCK/BCl-algebras are important classes of logical algebras introduced by Imai and I$eki [8]
and were comprehensively explored by many researchers.

An algebra (£2,%,0) of type (2, 0) is called a BCl-algebra if it satisfies the following
conditions:

. Ox))xUx)xxy)=0
(n. Gx@Gxy)*x3=0
. rx1r=0
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(IV). 1x7=0andj*x1=01=j foralli, j, £ € Q.InaBCl-algebra 2, we can define a par-
tial ordering * < ' by puttings < j ifand only if 1 , j = 0. If a BCl-algebra 2 satisfies
the identity:

(V). 0x1=0,foralli € ,then Qis called a BCK-algebra. In any BCl-algebra the following
hold:

(VD). (sxp)sl=(%L) %y

V. 1x0=1

(VIID. 1< jimpliesi1x€ < jxfand £+ j <L
). Ox(x7)=(0x1)*(0x*))

(X). 1k (xU* ) =@x))
). x€)x(gx€) <i1xyforalli j, e Q.

An intuitionistic fuzzy set ® = {(we (1), &0 ()| € Q} in a BCl-algebra 2 is called an
intuitionistic fuzzy BCl-algebra [24] of Q if,

(an)me(* j) = minfoe (), me(7)} and e * ) < max{&ée(),ée(y)}, for any
1, 7,0 € Q.

An intuitionistic fuzzy set ® = {(we (1), £e ()| € Q} in a BCl-algebra € is called an
intuitionistic fuzzy ideal [24] of Q if,

(a2) we(0) > we () and ée(0) < ée(1), for any 1 € Q.

(a3) we (1) = min{we (i * 1)), @e())} and &e(1) < max{ée( * 1)), §o())}, for any
1, 7,0 e Q.

An intuitionistic fuzzy set ® = {(we (1), o ())|I € Q} in a BCl-algebra Q is called an
intuitionistic fuzzy a-ideal [25] of Q if,

(a4) we(0) > we () and &e(0) < &e(1), for any 1 € Q.

(as) we(y *1) = min{we((1x£) x (0% 1)), me(O)} and Eo(y * 1) < max{&e ((1 x £) *
0% ), Ea(0)} forany 1,7,¢ € Q.

3. Intuitionistic Fuzzy Soft set Theoretic Approach to Subalgebras and Ideals
in BCl-algebras

In this section, we present the notions of ‘intuitionistic fuzzy soft BCl-algebras’ and ‘intu-
itionistic fuzzy soft ideals’ and elaborate apposite properties. We will also establish relation
between them with the help of different examples. In the sequel, IFS (resp. IFSs), IFSS (resp.
IFSSs) will be ‘intuitionistic fuzz set’ (resp. ‘intuitionistic fuzz sets’), ‘intuitionistic fuzzy soft
set’ (resp. ‘intuitionistic fuzzy soft sets’) and Q will be a BCl-algebra.

Definition 3.1: Let ([, ¢) be an IFSSover Q.If forsome § € ¢, '[8] = {(wrs1(1), Erps1 (D)1 €
Q} is an ‘intuitionistic fuzzy BCl-algebra’ (or IFgciA) of 2, then (T, ¢) is referred as an ‘intu-
itionistic fuzzy soft BCl-algebra’ (or IFSgciA) over  with respect to the parameter 8. If (T, ¢)
is an IFSgcA over  with respect to all the members of ¢ (i.e. for all the parameters in ¢),
then (T, ¢) is referred as an IFSgc/A over Q.

We clarify the above definition by the succeeding example.

Example 3.2: Let the countries; Denmark, Finland, France, Georgia and Hungary constitute
a universe set Q, i.e.
Q = {Denmark, Finland, France, Georgia, Hungary}
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Suppose that ) is an operator which acts upon the members of Q accordingly as:
Denmark 1 = Denmark, forany i € Q.

Denmark, if 1 € {Finland, Georgia, Hungar
Finland ©1 = e tH gia, Hungary}
Finland, if 1 € {Denmark, France}
D k, if F ,H
France ®1 = enmark, if 1 € {France, Hungary}
France, if 1 € {Denmark, Finland, Georgia}
. Georgia, if 1 € {Denmark, Finland, France}
Georgia® 1 =
Denmark, if 1 € {Georgia, Hungary}
Hungary, if 1 € {Denmark, Finland}
Georgia, if 1 =F
Hungary © 1 = gia if 1 rance
France, if 1 = Georgia
Denmark, if 1 = Hungary

Then (82, ©, Denmark) is a BCK-algebra and hence a BCl-algebra.

Let ¢ = {Tourist, Investor, Student} be a set of types of visas offered by the countries in Q
to the under-developing countries.

Let (T, ¢) be an IFSS over Q2. Then I'[Tourist], I'[Investor] and I"[Student] are IFSs

in Q delineated as:

r Denmark Finland France Georgia Hungary
Tourist (0.8,0.1) (0.8,0.2) (0.8,0.2) (0.7,0.3) (0.7,0.3)
Investor (0.9,0.1) (0.8,0.2) (0.4,0.3) (0.6,0.4) (0.4,0.4)
Student (0.7,0.3) (0.2,0.4) (0.6,0.4) (0.2,0.5) (0.2,0.5)

Then T'[Tourist], T'[Investor] and I'[Student] are ‘intuitionistic fuzzy soft BCl-algebras’
(IFSgciAs) over Q based on parameters Tourist, Investor and Student respectively. Hence
(T, ¢)isan IFSgcA over 2.

Proposition 3.3: /f(T", ¢)is an IFSgciA over , then for any parameter § € ¢ andi € L,
or51(0) > wr51(1) and &rps(0) < Erps (1.

Proof: By hypothesis, I'[§] = {(wrs1(1), &rs1(1)|1 € R} is an IFgqA of Q forany § € ¢.Thus
for any parameter§ € ¢candi € €,

or51(0) = wrs1(* 1) > min{oor (1), o) (N} = @rE ()
and

ér51(0) = éris1 (1) < min{&rs1(), rs (D} = Erps ()

Hence proved.
The succeeding statement is evident. |
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Theorem 3.4: Let (T, ¢c) bean IFSgcAover Q. Ift C ¢, then (T'|¢, ) is an IFSgcA over Q.

Now, we demonstrate that there exists an IFSS (', ¢) over 2 which is not an IFSgcA over
Q but there exists T C ¢ such that (I'|;, ) is an IFSgA over 2.

Example 3.5: Let (2, §, Denmark) be the BCl-algebra established in Example 3.2 and
¢ = {Tourist, Investor, Student, Worker, Athlete} be a set of characteristics of members of
Q. Let (T", ¢) be an IFSS over Q2. Then I'[Tourist], T'[Investor], T'[Student], T'[Worker] and
['[Athlete] are IFSs in 2 delineated as:

r Denmark Finland France Georgia Hungary
Tourist (0.7,0.1) (0.7,0.2) (0.7,0.2) (0.2,03) (0.2,0.4)
Investor (0.8,0.2) (0.7,0.3) (0.2,0.3) (0.5,0.4) (0.2,0.5)
Student (0.6,0.1) (0.2,0.2) (0.4,0.2) (0.2,0.3) (0.2,0.3)
Worker (0.1,0.1) (0.2,0.2) (0.3,0.2) (0.5,0.3) (0.6, 0.4)
Athlete (0.3,0.2) (0.2,03) (0.5,0.3) (0.6, 0.4) (0.2,0.5)

Then it can be perceived that (I, ¢) is not an IFSgcA over L, since, I'[Worker] and
['[Athlete] aren't ‘intuitionistic fuzzy BCl-algebras’ (or IFgcAs) in Q. Whereas, if we contem-
plate t = {Tourist, Investor, Student} C ¢, then (I'|;, ) is an IFSgc/A over Q.

Definition 3.6: Let (I, ¢) bean IFSS over Q.If forsome § ¢, T'[8] = {(zwrs1(1), Ersi (D) |1 € 2}
is an ‘intuitionistic fuzzy ideal’ (or IFl) of 2, then (T, ¢) is referred as an ‘intuitionistic fuzzy
soft ideal’ (or IFSI) over © with respect to the parameter §. If (I, ¢) is an IFSI over Q with
respect to all the members of ¢ (i.e. for all the parameters in ¢), then (T, ¢) is referred as an
IFSI over .

We clarify the above definition by the succeeding example.

Example 3.7: Let Q2 = {Denmark, Finland, France, Georgia, Hungary} be a universe set.
Suppose that © is an operator which acts upon the members of 2 accordingly as:
Denmark ® 1 = Denmark, forany € Q.

Denmark, if 1 € {Finland, Georgia, Hungary}

Finland ® 1 =
Finland, if 1 € {Denmark, France}
Denmark, if 1 € {France, Georgia}

France © 1 =
France, if 1 € {Denmark, Finland, Hungary}
Georgia,  if 1 = Denmark
. Denmark, if 1 = Georgia
Georgia © 1 =

France, if 1 € {Finland, Hungary}
Finland, if 1 = France

Denmark, if 1 = Hungary
Hungary ® 1 = { Finland,  if 1 € {Finland, Georgia}
Hungary, if 1 € {Denmark, France}
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Then (2, ®, Denmark) is a BCK-algebra and hence a BCl-algebra.

Let ¢ = {Tourist, Investor, Student, Worker, Athlete, Artist} be a set of characteristics of
members of Q.

Let ([, ¢) be an IFSS over 2. Then I'[Tourist], I [Investor], I'[Student], I'[Worker], I"[Athlete]
and I'[Artist] are IFSs in Q delineated as:

r Denmark Finland France Georgia Hungary
Tourist (0.6,0.1) (0.4,0.2) (0.4,0.2) (0.4,0.3) (0.4,0.4)
Investor (0.7,0.2) (0.5,0.3) (0.7,0.3) (0.5,0.4) (0.5, 0.5)
Student (0.8,0.1) (0.8,0.2) (0.3,0.2) (0.3,0.4) (0.8,0.2)
Worker (0.5,0.3) (0.3,0.4) (0.4,0.4) (0.2,0.5) (0.2,0.6)
Athlete (0.5,0.1) (0.5,0.2) (0.8,0.2) (0.7,0.3) (0.4, 0.5)
Artist (0.6,0.3) (0.5,0.4) (0.2,0.4) (0.2,0.5) (0.5, 0.6)

Then (T, ¢) is an IFSI over 2 based on the parameters Tourist, Investor, Student, Worker
and Artist. But since,

@ [Athelet] (HUngary)% = 0.4
<05
= min{@ratheler) (Hungary©Georgia), wratheler) (GeOrgia)}
and
&riAtheler) (Hungary)% = 0.5
> 0.3
= max{&ratheler) (Hungary®Georgia), Eratheler (Georgia)}

i.e.the IFST'[Athelet] = {(wriatheler) (1), (r(atheler (1)1 € R} isnotan IFl of Q. Thus (T, ¢)isn’t
an IFSI over 2 based on the parameter ‘Athlete’. Hence (T, ¢) isn't an IFSI over .

Example 3.8: Let 2 = {Denmark, Finland, France, Georgia, Hungary} be a universe set.
Suppose that @ is an operator which acts upon the members of Q accordingly as:

Denmark, if 1 € {Denmark, Finland, France}
Denmark ® 1 = { Hungary, if 1 = Georgia

Georgia,  if 1 = Hungary

Denmark, if 1 = Finland
Finland, if 1 € {Denmark, France}

Finland ® 1 =
Hungary, if 1 = Georgia
Georgia,  if 1 = Hungary
Denmark, if 1 = France
France, if 1 € {Denmark, Finland}
France ® 1 =

Hungary, if 1 = Georgia
Georgia,  if 1 = Hungary




Georgia ® 1 =

Hungary ® 1 =

Denmark,
Georgia,
Hungary,

Denmark,

Hungary,

Georgia,

Then (2, ®, Denmark) is BCl-algebra.
Let ¢ = {Tourist, Investor, Student} be a set of characteristics of members of Q.
Let (T, ¢) be an IFSS over Q2. Then I'[Tourist], I'[Investor] and I"[Student] are IFSs

in 2 delineated as:
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if 1 = Georgia
if 1 € {Denmark, Finland, France}
if 1 = Hungary

if 1 = Hungary
if 1 € {Denmark, Finland, France}
if 1 = Georgia

r Denmark Finland France Georgia Hungary
Tourist (0.6,0.1) (0.4,0.2) (0.4,0.3) (0.4,0.3) (0.6,0.1)
Investor (0.3,0.2) (0.5,0.3) (0.3,0.4) (0.3,0.2) (0.5,0.5)
Student (0.5,0.3) (0.6,0.3) (0.4,0.5) (0.4,0.4) (0.6, 0.4)

Then (T, ¢) is an IFSI over Q.
Any IFSI of a BCK-algebra is an ‘intuitionistic fuzzy soft BCK-algebra’ (or IFSgckA) but the

converse isn't valid. To comprehend this we contemplate the succeeding example.

Example 3.9: Let the flowers, Rose, Tulip, Sunflower, Camation and Gerbera constitute a
universe set 2, i.e. 2 = {Rose, Tulip, Sunflower, Camation, Gerbera} . Suppose that H is an
operator which acts upon the members of 2 accordingly as:

Rose Hi1 = Rose, forany ! € Q.

TulipB1 =

Sunflower B 1 =

CamationBH 1 =

Rose, if 1 € {Tulip, Camation, Gerbera}

Tulip, if 1 € {Rose, Sunflower}

Rose,
Sunflower,

Rose,
Camation,

Then (€2, @, Rose) is a BCK-algebra.
Let ¢ = {white, gold, pink} be a set of different colours in which the flowers in 2 exist in

nature.

if 1 € {Sunflower, Camation, Gerbera}
if 1 € {Rose, Tulip}

if 1 € {Camation, Gerbera}
if 1 € {Rose, Tulip, Sunflower}

Let (', ¢) be an IFSS over Q2. Then I'[white], I'[gold] and I"[pink] are IFSs in 2 delineated

as:
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r Rose Tulip Sunflower Camation Gerbera
White (0.8,0.1) (0.6,0.2) (0.4,0.2) (0.4,0.3) (0.4, 0.4)
Gold (0.7,0.2) (0.3,0.3) (0.3,0.3) (0.6,0.2) (0.3,0.5)
Pink (0.9,0.1) (0.8,0.2) (0.7,0.2) (0.5,0.3) (0.5,0.4)

Then (T, ¢) is an IFSgckA over 2. But since,
@rgold) (Tulip) = 0.3 < 0.6 = min{wr(go/ (TulipECamation), wrgoiq (Camation)}
and
&rigola) (Tulip) = 0.3 > 0.2 = max{&r(goiq (TulipHCamation), &rgoiq (Camation)}

i.e. the IFS T'[gold] = {(@r(goia (1, (rigoia) () |1 € K2} is not an IFI of Q. Thus (I, ) isn't an
IFSI over 2 based on the parameter ‘gold’. Hence (T, ¢) isn’t an IFS/ over Q.

Theorem 3.10: Let (T, ¢) be an IFSS over Q. If (T, ¢) satisfies Proposition 3.3 and the implica-
tion,

1% ] <€ = or () = min{ors (), ors (0 and &rp () < max{érs (1), éris (O} (1)

forany§ € ¢cand1i, j,€ € Q.Then (T, ¢)isan IFSl over L.

Proof: Since by axiom (ll), 1 % (1% j) < j, for any 1, j,£ € Q, it follows by the given implica-
tion,

o)) = minfore (0 1), @rs) ()} and &gy () < max{Eris (0 ), Erpsy ()}
This along with Proposition 3.3 implies that (", ¢) is an IFS/ over .
Theorem 3.11: Let (T, ¢) bean IFSlover Q. Ifforanyl, j, €€ Q, 1% j < ¢, then,
@) (1) = minf{ore (1), @ (0} and &rpy () < max{éris (1), §ris (O}

for any parameter § € .

Proof: Leti1x j < {,foranyy, j,£€ Q.Then (1 % j) x £ = 0. By given hypothesis, for any
decgandyy,l €,

@)1+ 7) = min{er) ((k ) * £), oris) (O} = min{ors) (0), or) (0} = @) (€)
and
Erps) (1% ) < max{&rps (1 ) * €),&ris1(0)} = max{ris)(0), &ris (0} = Erps (€)
Thusforany$ € ¢andi, j, ¢ € ,
o)) = minforp (1 1), @ ()} = min{aore (1), @rs (0}
and

§ris1(D < max{&rs1(* ). Ers1(7)} < max{érisi (), §ris (O}

Hence proved. |
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Theorem 3.12: Let (T, ¢) be an IFSgciA over Q. Then (T, ¢) is an IFSI of Q if and only if the
implication (1) is valid.

Proof: The necessity is evident by Theorem 3.11. Conversely, let the implication (1) is valid.
Sincerx (1% j) < jforanyy, j,£€ ,thusby (1),

@ris) () = min{ars (% ), @ (1)} and &rgs () < max{&rs (1 * 1), éris1(s)} forany § €
¢. This along with Proposition 3.3 implies that (T', ¢) is an IFS/ over Q. ]

Theorem 3.13: AnyIFSI (T, ¢) over Q satisfies,

or(51(0 % (0% 1) = @ (1) and §pps(0 x (0% 1) < &)
forany$ € ¢candi € Q.
Proof: By given hypothesis, foranyé € ¢andi € €,
Dr(1(0 % (0% 1))% > min{zris (0 * (0% 1) * 1), wris) (1))

= min{@r51((0 * 1) * (0 % 1)), 51}

= min{w@r5(0), w51 (N}

= orp) ()
and
€r51(0 % (0 % 1))% = max{&ris)((0 x (0% 1)) * 1), Eris (1)}
= max{&rs1((0 1) * (0% 1), &rs (0}
= max{&r(s1(0), £r(s1 (N}
= &rps (1)
Hence proved. ]

Theorem 3.14: The AND operation of two intuitionistic fuzzy soft ideals (T, ¢) and (Y, )
over 2 is an IFSl over Q.

Proof: The AND operation of (T, ¢) and (Y, ) denoted by, (I', c)A(Y, ), is defined as,
(T, )A(Y, 1) = (A, ¢ x 1), where

AlS, 1% = T'[6]1 N YT[n]
= {(@a,n, a1 € 2}
= {(@rEnrim O, érisinrip M) € 2}

= {(min{wr5)(D, @y (D} max{Erps (1), Expp (DD € 2}

forany (8, ) € ¢ x t and obviously§ € ¢,n € t.Thusforanys,j€ Qand($,n) € ¢ x 1,

@A (N% = @rEsnry ()

= min{wr5(1), @Y (D}
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> min{min{wrs(1 * 1), @ (7)), Min{aryp (0 1), @xp ()1}
= min{min{@r5( * J), @y * 1)}, min{ore (), @y ()}
= min{@rEinrm (¢ * J), orsinrm ()}

= min{@ags, (1 * ), @A)}

and

Ears (D% = &rpsinrin (N
= max{&ris) (N, v ()}
< max{max{&rs) (1 * 1), Eris1(7)}, max{Eypy (1 1), Evmy ()}
= max{max{&ris; (1 * ), vy (1 + 1)} max{&risi (1), Evin (1)1}
= max{&risinrr (1 * 1), Ersinrm ()}
= max{&as,n (1 * 1), Ears,m (1)}

Hence (I', o)A(Y, 1) = (A, ¢ x 1) is an IFSI over .
For a BCl-algebra €2, an IFSI over Q2 isn't necessarily an IFSgcjA as can be perceived by the
succeeding example. [ |

Example 3.15: Let R be the set of all non-zero rational numbers. Then it is easy to substan-
tiate that (R, =, 1) is a BCl-algebra. Delineate an IFST'[8] = {(ars;(1), Ers(1) | 1 € 2}, for any
8 € gands € Ras:

09 ifieZ
oo () = {0.09 otherwise
and
0.08 ifieZ
sru() = {0.8 otherwise

Here Z' = set of all non-zero integers. Then (T, ¢) is an IFS/ over R but since forany § € ¢,
or51(5 +4) = 0.09 < 0.9 = min{wr5(5), @r51(4)}
and

érps1(5 +4) = 0.8 > 0.08 = min{ér(s(5), érs1(4)}

i.e. T'[8] = {(wrs1(1), &rs1 (1)) |1 € R} is not an IFggA of Rfor § € ¢.Thus (I, ¢) is not an
IFSgc)A over R.
An IFSI (T, ¢) over Q is termed as closed if I'[8] = {(ewr51(1), &rs1())|1 € R} is a ‘closed
intuitionistic fuzzy ideal’ (or CIFl) of Q2 forany § € ¢.

Theorem 3.16: Any closed IFSI over 2 is an IFSgciA over Q.

Proof: By given hypothesis, I'[8] = {(a@rs1(1), Ers1 (D) |1 € Q}isa CIFIof Qforany§ € ¢, i.e.
wrs1(0 * 1) > wrs)() and &ps1(0 x 1) < &ps1(1), forany 1 € Qand$§ € ¢.Thusforanyy, j €
Qands € ¢,

ors)(* )% > min{oore (0% 1) * 1), Drs ()}
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= min{@r (1) * ), o ()}
= min{w@r5(0 * ), @rs (1)}

> min{oTs (), @rs1(7)}

and
Eris1 (1 )% < max{&ris (U g) * 1), Eris) (D}
= max{&rsy((1x 1) * 1), §rpsy (0}
= max{&ris;(0 * ), Ers (0}
< max{&rs)(1), €rs) (1)}
Hence proved. |

Theorem 3.17: AnIFSI(T, ¢)over Qis closed <= forany § € ¢ andi, j € Q it placates,
or51( % 7) = min{ars (1), wrs ()} and ér (0 1) < max{éris (0, &rs () (2)

Proof: The necessity is evident by Theorem 3.16. Conversely, let (2) is valid. Then for any
decandgp € Q,

@r151(0 * ) > min{wr(5(0), D5 (9)} = Trs(9)
and

&ri51(0 x o) < max{&r(5)(0), éris1(9)} = &ris(9)

i.e. I'[8] = {(wris1(1), érps1(1) |1 € L} isa CIFlof Q forany § € ¢ and p € Q.
Hence proved. |

4. Intuitionistic Fuzzy Soft set Theoretic Approach to «-Ideals in
BCl-algebras

In this section, we present the notions of ‘intuitionistic fuzzy soft a-ideals’ and elaborate
apposite properties. We will also establish their relation with ‘intuitionistic fuzzy soft ideals’
with the help of different examples. The ‘AND’ operation, ‘extended intersection’, ‘restricted
intersection’ and ‘union’ of ‘intuitionistic fuzzy soft a-ideals’ will also be conferred. In the
sequel, IFS, ! (resp. IFSyIs) will be ‘intuitionistic fuzzy soft «-ideal’ (resp. ‘intuitionistic fuzzy
soft a-ideals’) and 2 will be a BCl-algebra.

Definition 4.1: Let ([, ¢) be an IFSSover Q. If forsome § € ¢, I'l8] = {(ewrs1(1), Erps1 (D) |1 €
Q} is an ‘intuitionistic fuzzy a-ideal’ (or IF, /) of 2, then (T, ¢) is referred as an ‘intuitionistic
fuzzy soft a-ideal’ (or IFS, /) over Q with respect to the parameter §. If

(T, ¢)isan IFS, I over 2 with respect to all the members of ¢ (i.e. for all the parameters in
¢), then (T, ¢) is referred as an IFS,/ over 2.

We clarify the above definition by the succeeding example.
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Example 4.2: Let the four different types of flowers; Rose, Tulip, Sunflower and Camation
compose the universe Q, i.e. Q@ = {Rose, Tulip, Sunflower, Camation } . Suppose that < is an
operator which acts upon the members of 2 accordingly as:

Rose &1 =1, foranyr € Q.

Tulip, if 1 = Rose
. Rose, if 1 = Tulip
Tulip &1=

Camation, if 1 = Sunflower

Sunflower, if 1 = Camation

Sunflower, if 1 = Rose
Camation, if 1 = Tulip
Sunflower 1 =

Rose, if 1 = Sunflower

Tulip, if 1 = Camation

Camation, if 1 = Rose
. Sunflower, if 1 = Tulip
Camation &1 =
Tulip, if 1 = Sunflower

Rose, if 1 = Camation

Then (2, <, Rose) is a BCl-algebra.

Let ¢ = {Lavender, Red, Orange} be a set of different colours in which the flowers in Q
exist in nature.

Let (T, ¢) be an IFSS 2. Then I'[Lavender], T'[Red] and I'[Orange] are IFSs in 2 delineated
as:

r Rose Tulip Sunflower Camation
Lavender (0.8,0.1) (0.8,0.1) (0.6,0.2) (0.6,0.2)
Red (0.9,0) (0.9,0) (0.7,0.3) (0.7,0.3)
Orange (0.7,0.2) (0.7,0.2) (0.6, 0.4) (0.6, 0.4)

Then (T, ¢) is an IFS, I over 2 with respect to the parameters Lavender, Red and Orange
respectively. Hence (T, ¢) is an IFS,/ over .

Proposition 4.3: ForanyIFS,I (T, ¢) over , the succeeding inequalities hold:
@rs)(J * 1) = @ (0 (0 7)) and érp) (7 * 1) < &g (1 (0% )

forany$ € candi, j € Q.

Proof: Let (T, ¢) bean IFS,lover Q.Then T'[8] = {(wwrs1(1), Ersi (D) |1 € K} isan IF, ! of Q for
anyé$ € ¢.Thusforanyé$ € candy, j, ¢ € Q,

wrs1(J * 1) = min{ars (0 £) * (0% 7)), wr (0}
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and
&ris1(J * 1) < max{&ris; (U * £) * (0% 7)), Eris)(£)}
By substituting £ = 0 we get,
wris1(7 * 1) = min{a@r ((* 0) * (0% 7)), @rs)(0)} = s 0+ (0 * 7))

and

Ers1(7 o+ 1) < max{&rps1(( % 0) * (0% 1)), érs1(0)} = Ers (1 + (0% 7))

Hence proved. |
Theorem 4.4: Any IFS, I over Q is an IFSI over 2.

Proof: Let (T, ) be an IFS,lover Q.Then T'[8] = {(wrs1(1), Ers1 (D) |1 € L} isan IF, 1 of Q for
anyd € ¢.Thusforanyd € candy, j, L€ L,

@rs)(J * 1) = min{ers (0% £) * (0 % 7)), @5 (6)}

and
&ris1(J * 1) = max{&ris (01 £) * (0% 7)), &rs) (O}
By substituting 1 = 0 we get,
wris)(7 * 0) = min{ars)((0 x €) * (0 % 7)), @rs (0}

and
Eris1(J * 0) < max{&rs; (0 £) * (0 7)), &ris ()}
Since we know that (0 % £) % (0 * j) < j x £, therefore,
o) ((0 % €) (0 7)) = @) (7 * £) and &rgsy (0 £) * (0% 7)) < &rs(J * £)
Thus we acquire,
or)(7) = minf{ars (0 £) * (0% 7)), o) (6} = min{ars) (7 * £), wris) (6)}

and

&rs1(J) < max{éris)((0 + £) * (0 1)), &ris)(€)} < max{sris) (7 * £), Ers (O}

i.e. I'l8] = {(mrs1(), Erpsy (D)1 € 2} is an IFl of  for any § €. Hence (T, ¢) is an IFS/
over Q.
The succeeding example proves that an IFSI may not be an IFS,!. ]

Example 4.5: Let the five different kinds of flowers; Rose, Tulip, Sunflower, Camation and
Lily compose the universe €2, i.e. @ = {Rose, Tulip, Sunflower, Camation, Lily}. Suppose that
@ is an operator which acts upon the members of 2 accordingly as:
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1® Rose = 1, forany 1 € Q.

Rose, if 1 € {Rose, Tulip}

1 Tulip =
I, if 1 € {Sunflower, Camation, Lily}
Lily, if 1 € {Rose, Tulip}
Rose, if 1 = Sunflower

1 @ Sunflower =
Sunflower, if 1 = Camation

Camation, if 1 = Lily

Camation if 1 € {Rose, Tulip}
. Lily, if 1 = Sunflower

1 @ Camation =
Rose, if 1 = Camation

Sunflower, if 1 = Lily

Sunflower, if 1 € {Rose, Tulip}

& Lil Camation, if 1 = Sunflower
1@ Lily =
4 Lily, if 1 = Camation

Rose, if 1 = Lily

Then (L2, @, Rose) is a BCl-algebra.

Let ¢ = {Lavender, Red, Green} be a set of characteristics of the flowers given in Q.

Let (T, ¢) be an IFSS over Q. Then I'[Lavender], T'[Red] and I'[Green] are IFSs in Q
delineated as:

r Rose Tulip Sunflower Camation Lily

Lavender (0.9,0.1) (0.4,0.4) (0.6,0.3) (0.8,0.2) (0.1,0.5)
Red (0.9,0) 0.7, 1) (0.4,0.4) (0.5,0.3) (0.6,0.2)
Green (1,0) (0.6,0.2) (0.5,0.3) (0.3,0.4) (0.7,0.1)

Then (T, ¢) is an IFS/ over 2 but since

@rRed) (Tulip @ Lily) = @(geq)(Sunflower)
=04
< 0.6
= min{@rgeq) ((Lily ® Rose) @ (Rose @ Tulip)), @ [req;(ROSE)}

and
&rirea) (Tulip @ Lily) = &rreq)(Sunflower)

=04
> 0.2
= max{&rireq) ((Lily @& Rose) & (Rose @ Tulip)), &r(peq)(Rose)}



FUZZY INFORMATION AND ENGINEERING 15

i.e. T[Red] = {(wriged) (D &rred) (D) 1 € 2} isn’t an IF, ] of Q. Therefore (T, ¢) is not an
IFSy 1 over © with respect to the parameter ‘Red’. Hence (T, ¢) is not an IFS, | over €.

Proposition 4.6: Let (T, ¢) be an IFS, I over Q2. Then for any parameter § € ¢ andi, j, ¢ € ,
@) (1% €) % (0% 7)) > @) (1 % (€ * 7)) and Ers (1% €) * (0% 7)) < Epps) (1% (€% 7).

Proof: Let (T, ¢) be an IFS,/ over Q.Since (1% £) x (0% j) = (1% £) % (£ * j) % £) < 1% (£ *
7). Therefore, (1% £) % (0% j) * (1% (£ 7)) = 0. By Theorem 4.4, (T, ¢) is an IFSI over .
Thus,
[[81 = {(mris1(1), Ers) ()1 € R} is an IFl of Q forany § € Q.
Thusforany$ € candy, 7, ¢ € Q,
@1 £) % (0 7)) = min{arrps (1 €) % (0% 7)) * (1 (€% 1)), s (0 (% 7))}
= min{w@r(5(0), @5 ((1* (£ 7))}
= o (0 (£ * 7))

and

Erps1(( % £) % (0 7)) < max{&ris)(((1*£) % (0% 7)) * (1 (£ * 7)), Ers)((* (£ * ))))
= max{&rs1(0), &r(s1 (1 * (£ % 7))}
= &rps) (U * (£ * 7))

Hence proved. |

Theorem 4.7: Let (T, ¢) be an IFSl over Q2. If for any parameter § € ¢ andi, j € €,
wrs)(J * 1) > @)% (0% 7)) and &rs) (7 x 1) < &ps)( % (0% 7). Then (T, ¢) is an IFSyl
over Q.

Proof: Since (T, ¢)isan IFSI over 2, therefore T'[8] = {(awris1(1), Eris1 (D) |1 € K} is an IF of Q
forany § € Q. Thus for any parameter§ € ¢andy, j, £ € Q,
@r)(J * 1) = @rs (0 (0% 7))
> min{ers)((1% (0 % 7)) * €), wrs )}
= min{ar (1% £) * (0% 7)), L81(6)}

and

érs1(7 *1) > &rps) (= (0% 7))
> min{&rs)(( % (0 % 7)) * £), érs10)}
= min{&p1((+ £) * (0% 7)), T'[81(£)}

i.e. I'l6] = {(wrs1(D, Erpsi(D) |1 € R} is an IF,l of Q for any § € Q. Hence (T, ¢) is an
IFS, I over Q. |

Theorem 4.8: If (T', ¢) and (Y, t) are IFSyls over , then the ‘extended intersection’ of (T, ¢)
and (Y, t)is an IFS, I over Q.
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Proof: We know that the ‘extended intersection’ of (I, ¢) and (Y, 1), denoted by
(T, ¢)Me(Y, 1), can be defined as, (T, ¢)Ne(Y, ) = (11, 0), where g = ¢ U t and for any

® <q

Llp]l = {(@rp (). érip ()] € 2} ifpesg—rt
Mip] = Yol = {(@rip1(), Exip (D)) € 2} ifper—g

LClpl N Ylpl = {(min{@rp (), @y ()},

max{&rie1 (1, §xe1 (D11 € 2} fpegnt

Forany p € qif p € ¢ — 7, then TI[p] = I'lp] = {(@rp1(), &rp1 (D)1 € 2}, which is an
IFelof Q.Similarly, if p € T — ¢, thenTI[p] = Y [p] = {(@rE1(1), v (D)1 € Q}, whichiis
an IF, 1 of Q. Moreover if o € gsuchthatgp € ¢ N, then

Mip] = Tlpl N T [p] = {(Minfwrip) (), @) ()}, Max{Erip (1), EripODI € Q)

which is also an IF,/ of Q since, the intersection of two IF,/is an IF,l. Hence T[] is an

IF, ! of Qforany g € g.Hence (I, q) = (T, ¢) He (Y, 7) is an IFS, I over Q.

The corollaries stated below can be deduced from the above theorem. |

Corollary 4.9: If (T, ¢) and (Y, ¢) are IFSyIs over , then the ‘extended intersection’ of (T, ¢)
and (Y, ¢)is an IFSyl over 2.

Corollary 4.10: The ‘restricted intersection’ of two IFSyIs is an IFSg,!.

Theorem 4.11: Let (T, ¢)and (Y, t) be two IFS,Is over Q. If ¢ Nt = ¢ then the ‘union’, (T, ¢)
(Y, ) is an IFS,I over Q.

Proof: We know that the ‘union’ of (', ¢) and (Y, t), denoted by
(', ¢) U(Y, 7), can be defined as, (T, ¢) U (Y, t) = (I1, o), where o = ¢ U r and forany p

€ 0,

I'lp] = {(@rip (), Erip1 (D)1 € 2} ifopes—rt
Mip] = Yol = {(@rip1(), Exip ()] € 2} ifper—g

[Clpl U Yp] = {(max{@rp) (), @rip1 (D},

min{&rip1 (D, Exip1(D DI € 2} ifpescnt

Since¢ Nt = ¢, eitherp e c—torp € T —¢forallp € o.

If o € ¢ —tthenIl[p] = T'lp] = {(@rp1(), Exp () € Q}, whichisan IF,lof Qas (T,
¢)isanIFS,l over 2.

Ifp € T —gthenTlp] = T [p] = (@), Exip1 (D) € 2}, whichis an IF,] of Q as

(T, t)isan IFS,l over Q.

Hence (I1, q) = (T, ¢) U (T, 7) is an IFS,/ over 2.

Below, we consider an example in which we have a non-empty intersection of the sets
of parameters (i.e.¢c N7 f= ¢). |

Example 4.12: Let Q@ = {Rose, Tulip, Sunflower, Camation, Lily} be a universe set. Suppose
that ® is an operator which acts upon the members of € accordingly as:

Rose, if 1 € {Rose, Tulip}
Rose ® 1 =
I, if 1 € {Sunflower, Camation, Lily}



Tulip ® 1 =

Sunflower ® 1 =

Camation ® 1 =

Camation ® 1 =

Then (2, ®, Rose) is a BCl-algebra.
Let ¢ = {Lavender, Red, Green, Purple} and t = {Green, Purple, Blue} be two sets of
characteristics of the flowers given in .
Let (T, ¢) be an IFSS over Q. Then I'[Lavender], T'[Red], I"[Green] and I"[Purple] are IFSs in
Q delineated as:
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Rose, if 1 = Tulip

Tulip, if 1 = Rose

I, if 1 € {Sunflower, Camation, Lily}
Sunflower, if 1 € {Rose, Tulip}
Camation, if 1 = Lily

Rose, if 1 = Sunflower
Lily, if 1 = Camation
Camation, if 1 € {Rose, Tulip}
Sunflower, if 1 = Lily

Lily, if 1 = Sunflower
Rose, if 1 = Camation
Camation, if 1 € {Rose, Tulip}
Sunflower, if 1 = Lily

Lily, if 1 = Sunflower
Rose, if 1 = Camation

r Rose Tulip Sunflower Camation Lily

Lavender (0.9, 0) (0.9,0) (0.4,0.3) (0.4,0.1) (0.4,0.3)
Red (0.6,0.2) (0.6,0.2) (0.3,0.4) (0.3,0.4) (0.5,0.3)
Green (0.8,0.1) (0.8,0.1) (0.2,0.5) (0.5,0.3) (0.2,0.5)
Purple (0.7,0.2) (0.7,0.2) (0.5,0.3) (0.3,0.5) (0.3,0.5)

Then (T, ¢) is an IFS, | over 2 with respect to the parameters Lavender, Red, Green and
Purple respectively. Hence (T, ¢) is an IFS,! over Q.
Let (Y, t) be an IFSS over Q. Then Y [Green], Y [Purple] and Y [Blue] are IFSs in 2 defined

as follows:

T Rose Tulip Sunflower Camation Lily
Green (0.7, 0) (0.7,0) (0.5,0.3) (0.2,0.5) (0.2,0.5)
Purple (0.6,0.2) (0.6,0.2) (0.2,0.5) (0.2,0.5) (0.4,0.3)
Blue (0.9,0 (0.9,0) (0.4,0.3) (0.6,0.1) (0.4,0.3)

Then (T, t) is an IFS, I over Q with respect to the parameters creative, comprehensive
and perceived respectively. Then (Y, t) is an IFS,/ over Q.
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Now, we cogitate the union of (I', ¢) and (Y, 7), i.e.
(T, 9)U(Y, 1) = (11,9
where ¢ = ¢ U 7 . Note that for any parameter§ € ¢ N,
I1[8]1 = T'81 U Y[6]
= {(@rEursy Srsurs) il € 2}
= {(max{@rs5) (1), YD}, Min{&rs (0, Exs1 (DD € R
Then

@Green] (Camation @ Sunflower)

= @T1(Green] (Lily)

= @ (I'[Green)UY [Green]) (Lily)

= max{@rGreen) (Lily), v [Green](Lily)}

= max{0.2,0.2}

=0.2

<05

= min{@nGreen) ((Sunflower ® Sunflower) ® (Rose ® Camation)),
@iiGreen) (Sunflower)}

= min{w(Greenj (Camation), @riGreen) (Sunflower)}

= min{@Green; (Camation), @riGreen) (Sunflower)}

= Min{@ (T [GreenuT[Green]) (Camation), @ r(Green)u [Green) (Sunflower)}

= min{max{w@r(Green)(Camation), w Y (Camation)},
Max{wr(Green] (Sunflower), @y Green) (Sunflower)}}

= min{max{@r(Green)(Camation), @~ Greenj(Camation)},
max{@r(Green) (Sunflower), @y (Green (Sunflower)}}

= min{max{0.5, 0.2}, max{0.2,0.5}}

= min{0.5,0.5}

and

&MGreen (Camation & Sunflower)
= &niGreen) (Lily)
= &(r(GreenlU [Green)) (Lily)
= min{&r(Green (Lily), x [Green](Lily)}
— min{0.5,0.5)
=0.5
> 0.3
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= max{&mGreen) ((Sunflower ® Sunflower) ® (Rose ® Camation)),
&EnGreen) (Sunflower)}
= max{&mGreen] (Camation), &miGreen) (Sunflower)}
= max{&(r(Green]U [Green]) (Camation), & r(Green)u r [Green]) (Sunflower)}
= max{min{&rgreen; (Camation), &y Green) (Camation)},
mMin{&rGreen) (Sunflower), &y (Green (Sunflower)}}
= max{min{0.3,0.5}, min{0.5, 0.3}}
= max{0.3,0.3}
Therefore I1[Green] = I'[Green] U Y[Green] = {(@r(Greenlu [Green]: ST [GreenuY [Green)) |1 € €2}

isnotan IF,l of 2.Thus (IT, o) = (T, g)O(T, t)is notan IFS,l over 2 based on the parameter
‘Green’. Hence (I, o) = (T, g)O(T, t)isnotan IFS,/ over Q.

Theorem 4.13: If (T, ¢) and (Y, 1) are two IFSyls over 2, then the ‘AND’ operation,
(T, ©)A(Y, 1) is also an IFS,Is over Q2.

Proof: By definition, (I', )A(Y, 1) = (I1, ¢ x ), where

I8, 1% = T'[81 N Y]
= {(@ri1 n im0, &rs nrm ) € 2}
= {(min{@r51(1), @y (D}, max{&rs (0, Ex(OPI € 2}

forall(,n) € ¢ x t.Forany(§,n) € ¢ xt(i.e.d € candn € t)ands € ,

o, (0) = wrEinyn) (0)

min{z(51(0), @ [;(0)}

v

min{rs) (1), @y (D}
= orpnm) ()
= @)

and

&nis,n (0) = Ersinrin) (0)

= max{&r(s1(0), &y (0)}
< max{&rs1 (0, Evpm (D}
= &wpinrin) ()
= &nm (1)

Forany(§,n) € ¢ xt(i.e.d € gandn € t)and ] ,Le Q,

o) * D) = orpinrn (7 * 1)

= min{@r51(7 * 1), DY (7 * D}
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> min{min{ws)((1 % £) * (0 % 1)), wrs (O},
min{@yp (1% €) * (0% 7)), @y ()}

= min{min{arrs)((1 % £) * (0% 7)), @y (U £) * (0% 7))},
min{e@rs)(0), @y (0)})

min{o iy (U * £) * (0% 7)), wr@nrmn (6)}

min{es, (0% £€) * (0 % 7)), wris,n(£))

and

Enips,m (7 * 1) = E@isinri (J * 1)

= max{&rs1(J * 1, Evm (7 * D}

< max{max{&rs; ((1 % €) * (0 1)), Ers (O},
max{&ypy (1 £) * (0 1)), Evp (O}

= max{max{&ris) (1 * £) * (0% 7)), Exy1((1 % £) * (0% 7))},
max{&rs; (€), Evin ()1}

= max{&rsinrn) ((* £€) * (0% 7)), Erisinrim (O}

= max{&rs, ;1 ((1 % €) * (0% 7)), Enps,n ()}

Thus I1[6, n] = T 1N Y] = {(@rEsinrm O, Erpsinrin ()N € Q}isan IF,l of 2 forany (8, 1)
€ ¢ x t.Hence (I, ¢)A(Y, ) = (1, ¢ x t)isan IFS,/ over Q with respect to the parameter
(8, n). Since (8, ) is an arbitrary parameter, therefore (I', ¢)A(Y, ) = (I1, ¢ x 1) is an IFS,!
over .

Any IFS,! over a BCK-algebra Q2 is an ‘intuitionistic fuzzy soft BCK-algebra’ (or IFSgckA).
We perceive by the succeeding example that the converse isn’t valid. |

Example 4.14: Let Q = {Rose, Tulip, Sunflower, Camation, Lily} be a universe set. Suppose
that ® is an operator which acts upon the members of €2 accordingly as:
Rose X1 = Rose, forall1 € Q.

) Rose, if 1 € {Tulip, Camation, Lily}
Tulip® 1 =
Tulip, if 1 € {Rose, Sunflower}

Sunflower B 1 — Sunflower, if 1 € {Rose, Tulip}

Rose, if 1 € {Sunflower, Camation, Lily}

. Camation, if 1 € {Rose, Tulip, Sunflower}
CamationH1 =

Rose, if 1 € {Camation, Lily}

Lily, B 1 = Lily,  if 1 € {Rose, Tulip, Sunflower, Camation}

Rose, if 1 = Lily

Then (2, K, Rose) is a BCK-algebra.
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r Rose Tulip Sunflower Camation Lily

Lavender (0.7,0.1) (0.5,0.2) (0.3,0.4) (0.3,0.4) (0.3,0.4)
Red (0.8,0.2) (0.4, 0.5) (0.4,0.5) (0.7,0.3) (0.4, 0.5)
Green (0.8,0) (0.7,0.1) (0.6,0.3) (0.4, 0.4) (0.4,0.4)

Let ¢ = {Lavender, Red, Green} be a set of parameters of Q. Let (I', ¢) be an IFSS over 2.
Then I'[Lavender], T'[Red] and I'[Green] are IFSs in 2 delineated as:
Then (T, ¢) is an IFSgckA over 2 but since,
@ (ged (Lily B Tulip)
= @r[Req) (Lily)
=04
< 0.7

= min{@rgeq) ((Tulip 8B Camation) B (Rose H Lily)), @rgeq; (Camation)}

and

&r[req) (Lily B Tulip)

= &r(req) (Lily)

=05

> 0.3

= max{&rreq)((Tulip B Camation) B (Rose M Lily)), £rreq; (Camation)}

i.e. T[Red] = {(@T(Red1(1); ET(rRed) (D) |1 € 2} is not an IF, I of Q. Therefore (T, ¢) isn't an IFS, !
over 2 based on the parameter ‘Red’. Hence (T, ¢) isn’t an IFS,/ over 2.

5. Intuitionistic Fuzzy Soft set Theoretic Approach to «-ldeals Based on Soft
set Theoretic Approach to BCI-Algebras

Now, we will confer ‘intuitionistic fuzzy soft «-ideal’ of a ‘soft BCl-algebra’ and discuss its
properties. We will elaborate the ‘AND’ operation, ‘extended intersection’, ‘restricted inter-
section’ and ‘union’ of ‘intuitionistic fuzzy soft a-ideals’ of a ‘soft BCl-algebra’. Here first
we familiarise with IFI and IF,/ related to a subalgebra. In the sequel, €2, as usual will be
a BCl-algebra.

Definition 5.1: Let E be a subalgebra of Q. AnIFS ® = {(we(1),Ee())|I € 2} in Qisan IF
of Q related to E (or briefly, E-IF/ of 2), symbolised as ©® A E if,

() we(0) = we()andée(0) < &e(),foranys € E
(i) we() = min{we(1* )), we(7)} and §e () < max{§e (1 * 1),§e())}, forany, j € E

Definition 5.2: Let E be asubalgebraof Q.AnIFS® = {(we (), Ee (D)1 € Q}in QisanIF,/

—~

of Q related to E (or briefly, E-IFy/ of 2), symbolised as ® A4 E, if,
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(i) @a(0) > we() and £(0) < £p(1), for any 1 € B.
(i) we(y*x1) = min{me((1*£) *(0x* ), we()} and Eg(j *1) < max{ée((1 * £) *
0% ))),Ee0)}, forany 1,7,£ € E

Example 5.3: Cogitate the BCl-algebra (€2, ®, Rose) defined in Example 4.12.

Let E = {Rose, Sunflower, Camation, Lily} be a subset of Q. Then (E, ®, Rose) is also a
BCl-algebra, i.e. E is a subalgebra of Q2. Delineate an IFS ® = {(wg (1), £Eo(1))|1 € 22}

in Q as:

we(Rose) = we (Tulip) = we (Sunflower) = 0.8,
we (Camation) = we(Lily) = 0.2.

& (Rose) = &g (Tulip) = £o (Sunflower) = 0.1,
&o(Camation) = &g (Lily) = 0.6

Then it can be observed that,

(i) we(0) > we() and £g(0) < ée(1),for any 1 € E.
(i) we(y*1) =min{we((1*£) *(0x* ), me()} and  &e(y *x1) < max{fe((1x£) x
0% j)), Ee()}, forany, j, ¢ € E.

Hence ® = © = {(we (), e (1)|1 € 2} is an E-IF,/ of Q.
It is eminent that any E-IF,/ of Q is an E-IF/ of .

Definition 5.4: Let (I, ¢) be a Sgc/A over Q. An IFSS (Y, t) over  is an IFSI of (T, ¢),
symbolised as (Y, 7)A. (", ¢),if t C ¢ andforanyé € t,
Y[8] = {(@x51(1), Exs1(N) |1 € QLYAT[S]

Definition 5.5: Let (I, ¢) be a Sgc/A over Q. An IFSS (Y, 7) over Q is an IFS,! of (T, ¢),
symbolised as (Y, ) A(T, ¢),ift C candforany$ € 1,

T [8] = {(@r51(), EvisiD)1 € A, T[6]

Below, we discuss an example to explore the above definition.

Example 5.6: Cogitate the BCl-algebra (2, ®, Rose) defined in Example 4.12, where
Q = {Rose, Tulip, Sunflower, Camation, Lily}. Let ¢ = {Lavender, Pink, Golden, Purple} be a
set of characteristics of members of Q2. Let (", ¢) be a soft set over Q2. Then

I'[Lavender] = I'[Pink] = {Rose, Sunflower, Camation, Lily}

I'[Golden] = {Rose, Sunflower}

['[Purple] = {Rose, Lily}

that are all subalgebras of 2. Hence (T, ¢) is a ‘soft BCl-algebra’ over Q. Let (Y, t) be an
IFSS over 2, where T = {Lavender, Pink} C ¢.Then Y[Lavender] and Y [inflential] are IFSsin
Q delineated as:

T Rose Tulip Sunflower Camation Lily

Lavender (0.8,0.1) (0.8,0.1) (0.8,0.1) (0.2,0.3) (0.2,0.3)
Pink (0.6,0.2) (0.6,0.2) (0.6,0.2) (0.3,0.4) (0.3,0.4)
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Then

Y[Lavender] = {(@r1Lavender1 (s ExLavenden (D) |1 € 2}

and

YIPink] = {(@pink) (1), Expink) (D) 11 € 2}

are IFS,Is of 2 related to I'[Lavender] and T'[Pink] respectively. Hence (Y, ) A4(T, ¢).
Any IFS,1 (Y, T) of a SgciA (T, ¢) is an IFSI of (T, ¢) but the converse isn’t true, as can be
perceived by the succeeding example.

Example 5.7: Assume Q = {Rose, Tulip, Sunflower, Camation, Lily} is a universe set. Let ‘s’
be an operator which operates on the elements of Q accordingly as;
Rose x 1 = Rose, forall1 € Q.

. Tulip, if 1 = Rose
Tulip 1 =
Rose, if 1 € {Tulip, Sunflower, Camation, Lily}

Sunflower, if 1 € {Rose, Tulip, Camation}
Sunflower x 1 =

Rose, if 1 € {Sunflower, Lily}

. Camation, if 1 € {Rose, Tulip, Sunflower}
Camation s 1 =

Rose, if 1 € {Camation, Lily}
Lily, if 1 € {Rose, Tulip}
Rose, if 1 = Lily

Lily s 1=
Camation, if 1 = Sunflower

Sunflower, if 1 = Camation

Then (€2, %, Rose) is a ‘BCK-algebra’ and thus a ‘BCl-algebra’.

Let ¢ = {Lavender, Pink, Gold, Purple, Yellow} be a set of different types of colours in
which the flowers in Q exist in nature.

Let (T, ¢) be a soft set over 2. Then I'[Lavender] = £,

['[Pink] = I'[Gold] = {Rose, Sunflower, Camation, Lily} and

I'[Purple] = I'[Yellow] = {Rose, Sunflower}

that are all subalgebras of 2. Hence (T, ¢) is a Sgc)A over Q.

Suppose that (Y, t), where T = {Gold, Purple, Yellow} C ¢ is an IFSS over Q. Then T
[Gold], T'[Purple] and Y [Yellow] are IFSs in 2 delineated as:

T Rose Tulip Sunflower Camation Lily

Gold (0.8,0.1) (0.7,0.2) (0.6,0.3) (0.4,0.4) (0.4,0.4)
Purple (0.7,0) (0.6,0.1) (0.5,0.2) (0.3,0.3) (0.3,0.3)
Yellow (0.6,0.2) (0.5,0.3) (0.4,0.4) (0.2,0.5) (0.2,0.5)

Then (Y, t)is an IFSI of (', ¢) but since

wy[cold) (Camation s Sunflower)

= @W[cold)(Camation)
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=04

< 0.6

= min{w@yGold ((Sunflowers<Rose) s (RosesxCamation)), wycoid (Rose) }
= &v(colq)(CamationsSunflower)

= &1[Gola)(Camation)

=04

> 0.3

= max{&vy[colq) ((Sunflowers<Rose) s (RosexCamation)), Ex(Goiq; (Rose) }

i.e. Y [Gold] = {(@ricold) (D), ExiGola) (1)1 € 2} is not an IF, [ of Q related to I'[Gold]. There-
fore (Y, t)is not an IFS, I of SggA (T, ¢).

Theorem 5.8: Let (T, ¢) be a SgciA over Q. If (Y, T) and (11, q) are IFSyls of (T, ¢), then, the
‘extended intersection’ of (Y, T) and (11, ) is an IFSy 1 of (T, ¢).

Proof: We know that the ‘extended intersection’ of (Y, 7) and (I1, g), denoted by
(Y, T) Mg (10, o), can be defined as, (Y, t) Mg (I, 0) = (E, ¢), where, =t Up C ¢ and
foranyp € ¢,

Ypl = (@11 (D), Exip1 (D)1 € 2} ifpet—o
Elp] = Nlp] = {(@nip (), &np1 ()| € 2} ifpeo—r

Yp]l N el = {(min{wre) (1), D (D},

max{&yp1(), Enp1 (DI € Q) ifpetno

Forany p e¢ if p € T — o, then Elp] = Y [p] ={(@rip1(D). Exip1(N)]1 € Al T[], since
(TI T) 10{ (FI 5)-

Similarly, if p € ¢ — 7, then Elp] = Ilp] ={(@ny(), niei())) € LA.TP], since
(H/ Q) ZO[(FI §)-

Moreover if o € ¢ such that p € T Ng, then, E[p] = YTlplNIp] = {(Min{oy(e (1),
oe1 ()}

max{&y 1 (1N, Ene1 (NP1 € QYA T[], since the intersection of two IF,Is is an IF /.

Hence E[plA 'plforany o € ¢.Hence (&, ¢) = (Y, ) Me (T, o) A(T, ¢).

It is easy to extract the following corollaries from the above result.

Corollary 5.9: If (Y, t) and (T, t) are IFSyIs of a Sgc)A (T, <), then the ‘extended intersection’
of (Y, t)and (11, t) is an IFS, 1 of (T, ¢).

Corollary 5.10: The restricted intersection’ of two IFSyls (Y, t) and (11, q) of a SgciA (T, ) is
an IFSy1of (T, ¢).

Theorem 5.11: Let (Y, t)and(I1,q) betwo IFS,lsofaSgcA (T, ¢). Ift Nqg = ¢ thenthe ‘union’,
(Y, t)U(T1, q) is an IFS,l of (T, ¢).
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Proof: We know that the ‘union’ of (Y, t) and (I, g), denoted by (7, t) O (11, q), can be
defined as, (Y, 7) U(I1,q) = (E, ¢),where¢ = tUp C ¢andforany p € ¢,

Yol = {(@rip1(1), Exip ) € Q} fopet—o
Elp] = Mlp] = {(@nie (). &np ()11 € 2} ifpeo—t

Tlpl U Mlp] = {(max{w@ye) (1), @ (D},

min{&yip1(D, Enp1 (DD € 2} ifopetno

Sincet Up = ¢, eitherp e T —gporp e p—tforallp € ¢.If p € T — o then

Elp] = Tlp] = {(@nip (), &1 (1)1 € Q}AT[H]

since (Y, 7) Ao(T, ¢). If o € o — 7 then

Elpl = H[@j = {(@np (), Enipr ()11 € QAT [p] i

since (I, o) A4 (T, ¢). Hence (E, ¢) = ((7, t)U(IT, 0)) A (T, ©).

Below, we discuss the case when we have a non-empty intersection of the sets of
parameters (i.e. T N o # ). |

Example 5.12: Cogitate the BCl-algebra (€2, Rose) defined in Example 4.12. Suppose that
¢ = {Lavender, Pink, Purple, Yellow} is a set of parameters relevant to the universe set Q. Let
(T, ¢) be a soft set over Q2. Then

I'[Lavender] = Q

['[Pink] = '[Purple] = {Rose, Sunflower, Camation, Lily}

I'[Y ellow] = {Rose, Sunflower}

that are all subalgebras of Q2. Hence (T, ¢) is a ‘soft BCl-algebra’ over .

Let t = {Lavender, Pink, Purple} C ¢ and ¢ ={Purple, Yellow} C ¢ be two sets of charac-
teristics of the flowers given in Q. Let (T, t) be an IFSS over Q. Then Y [Lavender], Y [Pink]
and Y [Purple] are IFSs in Q2 delineated as:

T Rose Tulip Sunflower Camation Lily

Lavender (0.7,0.1) (0.7,0.1) (0.4,0.2) (0.2,0.4) (0.2,0.4)

Pink (0.8,0) (0.8,0) (0.2,0.5) (0.3,0.2) (0.2,0.5)

Purple (0.5,0.1) (0.5,0.1) (0.2,0.3) (0.2,0.3) (0.4,0.2)
Then

Y[Lavender] = {(@y[Lavender (D Ex[Lavendert (D) |1 € 2} Ao T [Lavender],
YIPink] = {(@pinki (1), Exipink) (D)1 € 2} Ao T'[Pink],
Y [Purplel = {(yipurpie) (1), Expurple) (D)1 € 2} Ag " [Purple]

Hence (Y, 1) A4(T, ¢).

Let (I, o) be an IFSS over Q. Then I1[Purple] and I1[ ellow] are IFSs in 2 delineated
as:

I Rose Tulip Sunflower Camation Lily

Purple (0.8,0.1) (0.8,0.1) (0.5,0.2) (0.3,0.4) (0.3,0.4)
Yellow (0.7,0.2) (0.7,0.2) (0.4, 0.5) (0.4, 0.5) (0.6,0.3)
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Then

[[Purple] = {(wH[Purple](/)r";:I'I[Purple](l))“ € Q}AaqT'[Purple]
[[Yellow] = {(zwnyeliow) (1), Eniyelion (D) |1 € 2} Ag T'[Vellow]
Thus (1, 7) A (T, ¢).
Now we consider the union of (Y, ) and (I1, g),i.e. (Y, 7) U(I, q) = (&, ¢),where¢ = 1
ug.
Note that for any parameter like, Purple € 7 N g,

E[Purple] = Y[Purple] U I[Purple]

= {(@1pumpleluniipurplel (D Ex [Purplelui[Purplel (D)1 € €2}

= {(max{wT[Purple] (OF @TlI[Purple] n}, min{gT[Purple] o, gl’I[Purp/e] Pl e 2}

Since

@ gpurple) (Lily ® Sunflower)

= wWg[purple] (Camation)

= @ (v[purple]uTl[Purple]) (Camation)

= max{@[purple] (Camation), wipurple (Camation)}

= max{0.2,0.3}

=03

<04

= min{@gpyrpie; (Sunflower ® Sunflower) ® (Rose ® Lily)),
@ zpurple) (Sunflower)}

= min{@z(purple (Lily), @ zipurple) (Sunflower)}

= min{@ (y[purpleluniipurplel) (LilY), @ (x [purpleluniipurplel) (Sunflower) }

= min{max{@y(purple) (Lily), @r1ipurple) (Lily)},

max{@y(purple] (Sunflower), @pyrple) (Sunflower) }}

min{max{0.4, 0.3}, max{0.2, 0.5}}

min{0.4,0.5}

and

Egpurple) (Lily ® Sunflower)
= &gppurple) (Camation)
= &([purpleluiipurple)) (Camation)
= min{&xpurple] (Camation), Enpurple) (Camation) }

= min{0.3,0.4}
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=03
> 0.2
= max{&zppurple) (Sunflower ® Sunflower) ® (Rose ® Lily)),
&zlpurple) (Sunflower)}
= max{&zpurple) (Lily), Ezipurpie; (Sunflower)}
= max{& ripurplelunitpurplel) (Lily), & (v ipurplelunitpurpien) (Sunflower) }
= max{min{&xieurpte) (Lily), Ertipurpier Lily) },
min{&ypurple) (Sunflower), &npurpie) (Sunflower)}}
= max{min{0.2, 0.4}
= min{0.3,0.2}}
= max{0.2,0.2}
i.e. E[Purple] = Y [Purple] UTI[Purple] is not an IF, ] of Q2 related to I"[Purple]. Therefore, (B,
Z)=(T,1) O (1, o) is not an IFS, ! of SgcA (T, ¢).
Now, we confer the characterisation of an IFS,/ (T, g) over Q using the idea of a soft (5,

n)-level set, L(T'[p]; 8;n) = {1 € Q|wrp)(1) > § and &r(p1() < n},forany p € ¢and s, n €
[0, 1]1.

Theorem 5.13: An IFSS (T, ¢) over Q is an IFS,I over Q if and only if soft (8, n)-level set,
L(Tpl; 8;n) = {1 € QlooTip1(1) > 8 and &ryp) () < n} # @ is an a-ideal of Q, forany o € ¢
andé,n € [0, 1].

Proof: Let (I, ¢) be an IFS,/ over Q. Then T'[p] = {(wrp) (), &rip1 ()| € R} is an IF, [ of
Q, for any parameter o € ¢.

Let L(T'[g]; 6; n) = {1 € Qlwrp)(1) = & and &ry,)(1) < n} # ¥, forany o € candé, n €
[0, 1. Then for any 1 € L(I'[p]; 8; 1), @rp1(0) > e () > 6 and &rp1(0) < &rpp () <7,
i.e.0 € L(T'lp]; 6; n).

Let 1% £) %« (0% y) € L(T[pl;8;n) and A € L(T'[p]; §; n), forany, j,£ € Q.Then,

@rip) (1% £) % (0% 7)) = 8, wrip)(€) = 4,

and
Erip1((*£) * (0% 7)) < n,érp) <n
Thus forany, j,¢ € Q,
@1 (7 * 1) = min{wre) (% £) * (0 * ), orp (0} = 4,

and

Erip1(J * 1) < max{&ryp)((1* €) * (0 7)), frp) ()} <7

i.e. j x1 € L(I'[p]; 8; n). Hence L(T'[g]; §; n) # & is an ‘a-ideal’ of @ forany p € ¢and§, n €
[0, 11.



28 (&) M.TOUQEER

Conversely assume that L(T'[g]; §; n) is an ‘a-ideal’ of @, forany ¢ € ¢ and §, n € [0,
1]. If for some 1o € Q and p- € ¢, ar(,°1(0) < ar[p°10-) and ar,°1(0) > ar 10, then
Clgp-1(0) < §° < Tlg-1(e) and T [-1(0) > n- > T'[p-](i-), for some &<, - € [0, 1]. This implies
thatie € L(I'[g-]; 8 <) but 0¢L(I"[o-]; &<; n-), a contradiction. Thus @) (0) > w1 (1) and
Er[p1(0) < &rppi0), forany p € candi e Q.

Moreover if there are elements 1., jo, £, € Q and p- € ¢ such that,

DTip,] (Jo * o) < Min{wr(p,1((o * £o) * (0 % Jo)), DTip,1 (L)},
and
Erp,1(Jo * 10) > Max{&rip,1((o * £o) * (0% Jo)), rp,1(€o)}
Then for some 8-, n- € [0, 1],
DT[] (Jo * 16) < 8o < Min{@r(p.1((Io * £o) * (0% o)), @1 (£o)},
and

Erp.1(Jo * 10) > 1o = Max{&rip.1 (o * £o) * (0 Jo)), &rip.1(£o)}

i.e.(lo % £5) x (0% jo) € L(Tlgol; 80, no) and £, € L(Tlgo]; 80, o) but o * 15 ¢ L(T[g90]; 80,10,
again contradicts the hypothesis that L(I'[¢]; &<, n°) #< is an ‘a-ideal’ of Q. Thus for any
L7, e€eQandanyp € ¢,

@Tp1(J * 1) = min{@re (0 * £) * (0 % 7)), o1 (D)},
and

Erip1(J * 1) < max{&rp) (1 £) * (0% 1)), Erip)(0)}

i.e. Tlpl = {(@rp)(3), £rip1())IS € Q}isan IF,/ of Q forany p € ¢.Hence (T, ¢)isan
IFS, ! over 2.
From the above statement the following corollary is evident. |

Corollary 5.14: An IFSS (T, ¢) over Q2 is an IFS,1 over Q if and only if the soft (8,n)-level set
et L(T[p]; 8; n)={1 € Qlorp1(1) = § and &ryp (1) < n} # Wis ana — ideal of Q,forany p €
cand 8,n € (0.5,1].

Theorem 5.15: Asoft (8, n)-level set

LTl é;n) = {1 € Qlorip)(N = §and érip(1) < n} # 0

is an a-ideal of , for any g € ¢ and §, n € (0.5, 1] if and only if the following conditions are
valid:forany € ¢andi, j,¢ € Q,

(i) max{@rp)(0),0.5} > @, (1) and max{ér()(0),0.5} < &ppp1 (D
(ii) max{@rp)(J * 1), 0.5} > min{w@re)((1* £) * (0 * 7)), wrp) ()} and
max{&rip1(7 *1),0.5} < max{&rp((1* £) * (0 % 1)), &rip(0)}
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Proof: Letthe soft (3, n)-level set L(I'[p]; §; n) = {1 € Qo) (1) > 8 and &r,) (1) < n} # J,
is an ‘a-ideal’ of ©, forany g € ¢ and g, n € (0.5, 1]. If forsome - € Qand p- € ¢.

max{@r(.1(0),0.5} < @rip,1() and max{ér(.1(0),0.5} > &rp.1(/s)
Then there are 8-, n- € (0.5, 1] such that,
max{@r(p,1(0),0.5} < 8, < @rp.1(1o) and max{r.1(0),0.5) > 0o > &rp.(io)
This implies
@1p.1(0) < 8o < wrp.1(1.) and &rp, 1(0) > 1o = &rip. (o)

i.e.re € L(T'[pe]; 8° n°) but 0 €/L(T"[g-]; 8° n-), a contradiction. Thus (i) is valid.
Moreover if for some 1., jo, £, € Qand p- € ¢,

max{wr[po](fo * lo): 05} < min{wr[po]((’o * Eo) * (0 * JO))I ZDT‘[K.)O](ZO)}

and

max{&rip,1(Jo * 15), 0.5} > max{&rp,1((Is * £o) * (0 * Jo)), &rpp,1(£o)}
Then for some 8-, - € (0.5, 1],

max{wF[&’e’o](.}O * ,O)I 05} < 80 < min{wF[&?o]((’o * Ko) * (O * Jo))r wr[po](go)}:
and
max{él"[po](Jo * Io): 05} > 1o = max{ér[po]((’o * eo) * (O * ]o)): El—‘[&?o](go)}

i.e. wl_'[gao](]o x15) <68 < min{wr[po]((lo *£o) * (0% Jo)), w_l_‘[po](eo)}r
and

gl—‘[po](.]o * ’o) > 1o = maX{SF[m]((’o * Eo) * (O * Jo)): El‘[po](go)}

ie. (Io €)% (0% jo) € L(Tlpol; do;mo)  and £ € L(T[go]; 605 o) but jo * 1o ¢ L(T'[po);
80; M), Which contradicts the hypothesis that L(I'[,]; 8o; 7o) # @ is an a-ideal of €, for any
g° € ¢ and
80, Mo € (0.5, 1]. Hence (ii) is valid.
Conversely, suppose that (i) and (ii) are valid. Let L(T'[p]; §; n) # @, forany g € ¢ and §,
n € (0.5, 1]. Then forany 1 € L(I'[]; ; n),

max{wr1(0),0.5} > @ (1) > § > 0.5 and max{ér(,1(0),0.5} < &rip1() <71

which implies () (0) > 6 and &r(,1(0) < nand thus 0 € L(T[p]; §; n).
Let 1% £) x (0% 7) € L(Tlgpl; ;1)) and € € L(T'[p]; 8; n), forany, j,£ € Q. Then

@rip) (1% 0) % (0% J)) > 8, wrip)(€) = §and &gy ((1x £) * (0 1)) < n,&rp1(f) <7
Thus from (ii) we get,
max{wrp)(J *1),0.5} = min{wre) ((* £) * (0% 7)), wrp)€)} = § > 0.5

and

max{&rip) (7 * 1), 0.5} < max{&ryp) (1 £) * (0 1)), &rip)(O)} <7
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This implies, wr,)(7 * 1) > 8 and &rp) (7 *1) < n.Thus 7 *1 € L(T'[p]; §; n). Therefore
L(T'[g]; §; n) # @ is an ‘a-ideal’ of , forany p € ¢ and §, n € (0.5, 11. |

6. Conclusion

By extending the study of applications of soft sets in a-ideals of BCl-algebras, we have
defined the idea of ‘intuitionistic fuzzy soft a-ideals’ (IFS,/s) and proved their basic prop-
erties. In chapter 5, initially the properties of ‘intuitionistic fuzzy soft BCl-algebras’ (IFSgc/As)
and ‘intuitionistic fuzzy soft ideals’ (IFSIs) have been described with the help of concrete
examples. We proved that any IFS/ of a BCK-algebra is an ‘intuitionistic fuzzy soft BCK-
algebra’ (IFSgckA). Afterwards we have proceeded towards the detail discussion of IFS,Is.
IFSyIs are related with IFSIs and various characterisations are discussed. Useful facts have
been explored on various operations on intuitionistic fuzzy soft a-ideals. For instance, it has
been proved that the ‘AND’ operation, extended intersection and restricted intersection of
two IFSyIs is an IFS, 1.

The union of two IFS,Is is an IFS, | if the intersection of the sets of parameters is empty.

IFS, 1 of a ‘soft BCl-algebra’ (SgcjA has been defined and apposite properties have been
explored. We have proved that any IFS,/ (Y, ) of a SgA (T, ¢)isan IFSI of (T, ¢). If (T, ¢) is a
SeciA over Q and (Y, t) and (T, @) are IFSyls of (T, ¢), then, the extended intersection of (Y,
7)and (I1, g) is an IFS, I of (T, ¢). Also, if (T, ) and (I, o) be two IFS,Is of a Sgq/A (T, ¢) and ©
No = ¢, then the union, (Y, 7)U(TT, o)isanIFS,lof (T, ¢). Lastly we have characterised IFSyIs
by a soft (8, n)-level set. It has been proved that an intuitionistic fuzzy soft set (T, ¢) over a
BCl-algebra 2 is an IFS,/ over € if and only if the soft (5, n)-level set, L(T[]; §; n) = {1 €
Qlorp1(1) > 8 and Erpp)(1) < n} # ¥, is an a-ideal of 2, forany p € ¢ and §, n € [0, 1].
Moreover, a soft (6, n)-level set L(I'[p]; 8; n) = {1 € Qw1 (1) > & and &rye () < n} # 0,is
an «-ideal of , forany o € ¢ and 3, n € (0.5, 1] if and only if the following conditions are
valid:

() max{wr(p)(0),0.5} > @i (1) and max{&rp;(0), 0.5} < &rpp(NS.
(i) max{erip1 (7 * 1),0.5} = min{arrie) (1 £) * (0% 7)), @i (0)}
and max{&rp1 (7 * 1), 0.5} < max{&r(p((1* £) * (0 * 7)), érpp1()}
foranyp € candy, j, € € Q.

7. Recommendations for Further Study

This study may further pave the way for applying fuzzy sets and intuitionistic fuzzy sets
to soft hyper BCK-ideals, soft hyper p-ideals, soft hyper h-ideals etc. Also some types of
intuitionistic fuzzy «-ideals may also be characterised by € -soft sets. Moreover, fuzzy sets
and intuitionistic fuzzy sets may be applied to other soft ideals. After this application, the
connections between different fuzzy soft ideals and intuitionistic fuzzy soft ideals may be
considered.
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