ITALIAN JOURNAL OF PURE AND APPLIED MATHEMATICS — N. 42-2019 (512-525) 512

On some weak structures in intuitionistic fuzzy soft topological
spaces

Sabir Hussain
Department of Mathematics
College of Science

Qassim University

P. O. Box 6644

Buraydah 51482

Saudi Arabia
sabiriub@yahoo.com
sh.hussain@qu.edu.sa

Abstract. Intuitionistic fuzzy set is fruitful and more realistic model of uncertainty
than the fuzzy sets. Extending this approach further, intuitionistic fuzzy soft sets were
introduced, as a generalization of fuzzy soft sets and standard soft sets. Intuitionistic
fuzzy soft sets used to handle the problem of muti-criteria decision making. In this
paper, We initiate and establish the topological structures of intuitionistic fuzzy soft
semi-open sets and intuitionistic fuzzy soft semi-closed sets. We also define and explore
the properties of intuitionistic fuzzy soft semi-interior, intuitionistic fuzzy soft semi-
closure and discuss the relationship between them. Moreover, we establish and discuss
intuitionistic fuzzy soft semi-open neighborhood systems. We believe that the findings
in this paper will enhance the further study proceed towards muti-criteria decision
making problems.
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1. Introduction

Molodtsov [15] introduced soft sets theory as a new mathematical tool to deal
with uncertainties, imprecise and unclear defined objects and to overcome in-
compatibility with the parametrization tools, which were not solved by existing
theories such as the probability theory, the theory of (intuitionistic) fuzzy sets,
the theory of vague sets, the theory of interval mathematics, and the theory
of rough sets. This theory proved to be useful in different fields not limited
to decision making [6][18], data analysis [4][22], forecasting [19] and so on. The
topological structures of soft sets are studied and discussed in [7], [9-10]. In [17],
Molodtsov et. al mentioned several directions for the applications of soft sets
such as smoothness of functions, game theory, operations research, Riemann-
integration, Perron integration, probability and theory of measurement for mod-
elling the problems in engineering, computer science, economics, social sciences
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and medical sciences. In soft systems a very general frame work has been pro-
vided with the involvement of parameters.

Zadeh [21] initiated the concept of fuzzy sets. intuitionistic fuzzy set (IFS)
and intuitionistic L-fuzzy sets (ILF'S) were initiated and explored by Atanassov
[1-3] to generalize the concept of fuzzy set. Maji et al. introduced the concept
of intuitionistic fuzzy soft sets[13-15], which is a generalization of fuzzy soft
sets[12] and standard soft sets[15]. It is to be noted that the parameters may
not always be crisp, rather they may be intuitionistic fuzzy in nature. Different
algebraic structures of intuitionistic fuzzy soft sets are studied and explored in
[20]. Coker [5] introduced and studied the concept of intuitionistic fuzzy topo-
logical spaces. Li et al. [11] initiated intuitionistic fuzzy topological structures
of intuitionistic fuzzy soft sets. They explored the notions of intuitionistic fuzzy
soft open(closed) sets, intuitionistic fuzzy soft interior(closure) and intuitionistic
fuzzy soft base in intuitionistic fuzzy soft topological spaces. Recently, Hussain
[8] initiate the concept of intuitionistic fuzzy soft boundary and explored the
characterizations and properties of intuitionistic fuzzy soft boundary in general
as well as in terms of intuitionistic fuzzy soft interior and intuitionistic fuzzy
soft closure.

In this paper, we initiate and establish the topological structures of intuition-
istic fuzzy soft semi-open sets and intuitionistic fuzzy soft semi-closed sets. We
also define and explore the properties of intuitionistic fuzzy soft semi-interior,
intuitionistic fuzzy soft semi-closure and discuss the relationship between them.
Moreover, we establish and discuss intuitionistic fuzzy soft semi-open neighbor-
hood systems.

2. Preliminaries

We recall the following:

Definition 2.1 ([21]). A fuzzy set f on X is a mapping f : X — I = [0,1].
The value of f(x) represents the degree of membership of z € X in the fuzzy
set f, for x € X.

Definition 2.2 ([16]). Let X be an initial universe and E be a set of parameters.
Let P(X) denotes the power set of X and A be a non-empty subset of E. A pair
(F,A) is called a soft set over X, where F'is a mapping given by F': A — P(X).
In other words, a soft set over X is a parameterized family of subsets of the
universe X. For e € A, F(e) may be considered as the set of e-approximate
elements of the soft set (F, A).

Definition 2.3 ([12]). Let I denotes the set of all fuzzy sets on X and A C X.
A pair (f, A) is called a fuzzy soft set over X, where f : X — IX is a function.
That is, for each a € A, f(a) = f, : X — 1is a fuzzy set on X .
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Definition 2.4 ([2]). An intuitionistic fuzzy set A over the universe X is defined
as: A= {(z,pa(x),va(z));z € X}, where pa : X — [0,1], v4 : X — [0, 1] with
the property that 0 < pa(z) + va(x) < 1, for all x € X. The values pua(zx)
and v4(x) represent the degree of membership and nonmembership of = to A
respectively.

Definition 2.5 ([2]). Let A = {(x, pa(z),va(x));x € X} and B = {(z, up(x),
vp(x));z G X} are intuitionistic fuzzy set over the universe X. Then
(1) 4° = {(z, va(x), pa(2)); 2 € X},
(2) AC B if and only if pa(z) < pp(z) and vy(z) > vp(x), for all z € X.
(3)A= B if and only if A C B and B C A.
(4) AN B = {(z,min{pa(x), up(x)}, max{va(z),vp(x)}:z € X}.
(5) AU B = {(x,maz{pa(z), up(z)},min{va(z),vp(z)} : z € X}.

Definition 2.6 ([2]). An intuitionistic fuzzy set A over the universe X is said
to be intuitionistic fuzzy null set denoted as 0, and is defined as: A = {(z,0,1) :
x e X}

Definition 2.7 ([2]). An intuitionistic fuzzy set A over the universe X is said
to be intuitionistic fuzzy absolute set denoted as 1, and is defined as: A =
{(z,1,0) : z € X}.

Definition 2.8 ([14]). Let X be the initial universal set and E be the set of
parameters. Let IFX denotes the set of all intuitionistic fuzzy soft sets on X
and A C X. A pair (IF, A) is called a IF soft set over X, where f: A — IFX
is a function. That is, for each a € A, f(a) = f, : A — IF¥ is an intuitionistic
fuzzy set on X and is defined as: f(a) = {(x, pa(x),va(x));z € X}.

From now on, for our convenience, we will represent the intuitionistic fuzzy
soft set (IF, A) as IF soft set fa.

Now we give the example of IF soft sets as:

Example 2.9. Let (IF, A) = f4 describe the character of the employees with re-
spect to the given parameters, for finding the best employee of the financial year.
Let the set of employees under consideration be X = {z1,x2,z3,z4}. Let E = {
regular workload (r), conduct (c), field performances (g), sincerity(s), pleasing
personality (p)} be the set of parameters framed to choose the best employee.
Suppose the administrator Mr. X has the parameter set A = {r,¢,p} C E to
choose the best employee. Then f4 be the an IF soft set over X, defined as
follows:

fr)(@1) = (0.8,0.1), f(r)(z2) = (0.7,0.5), f(r)(x3) = (0.9,0.1), f(r)(z4) =
(0.7,0.2)

fle)(z1) = (0.6,0.2), f(c)(z2) = (0.7,0.1), flc)(z3) = (0.5,0.3), f(c)(za) =
(0.3,0.6)

F®)(1) = (0.6,02), f(p)(w2) = (0.7,01), [(p)(ws)

(0.5,0.3), f(p)(za) =
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(0.3,0.6)
That is

fa=(IF,A={F(r) = {(x1,0.8,0.1), (x2,0.7,0.05), (x3,0.9,0.1), (24,0.7,0.2)},

F(c) = {(21,0.6,0.2), (22,0.7,0.1), (z3,0.5,0.3), (24,0.3,0.6)},
F(p) = {(21,0.6,0.2), (x2,0.7,0.1), (x5,0.5,0.3), (24,0.3,0.6)} }.

The tabular representation of IF soft sets fj is:

r (0.8,10.1) (0.7,20.5) (0.9,30.1) (0.7,40.2)
¢ | (0.6,0.2) | (0.7,0.1) | (0.5,0.3) | (0.3, 0.6)
p | (0.6,0.2) | (0.7,0.1) | (0.5,0.3) | (0.3, 0.6)

In short, we will represent f4 as:
fA;{{x(O.S,O.l)a 2(0.7,0.05)5 £(0.9,0.1)» 50(0.7,0.2)}, {17(0.6,0.2) 1 2(0.7,0.1)5 £(0.5,0.3) 5 $(0.3,0.6)}7
{55(0.6,0.2), ZL(0.7,0.1)5 £(0.5,0.3)» $(,0.3,0.6)}}-

Definition 2.10 ([14]). Two IF soft sets f4 and gp over a common universe
X, we say that fa is a IF soft subset of gp if

(1) AC B and

(2) for all a € A, f, C g,; implies f, is a IF subset of g,.

We denote it by faCgp. fa is said to be a IF soft super set of gp, if gp is a
IF soft subset of f4. We denote it by fAégB.

Note that two IF soft sets f4 and gp over a common universe X are said to
be IF soft equal, if f4 is an IF soft subset of gp and gp is an If soft subset of

fa.

Definition 2.11 ([14]). The union of two IF soft sets of f4 and gp over the
common universe X is the IF soft set hc, where C = AU B and for all ¢ € C,

fle), ifce A-B
h(c) = q g(c), ifce B—A
fleyug(e), ifce ANB

We write faUgp = hc.

Definition 2.12 ([14]). The intersection ho of two IF soft sets fa4 and gp

over a common universe X , denoted fsNgg, is defined as C = AN B, and
h(c) = f(c)Ng(c), for all ¢ € C.

Definition 2.13 ([14]). The relative complement of an IF soft set f4 is an
IF soft set fq, which is denoted by (fa)¢ and where f¢: A — IF(X) is a
IF set-valued function that is, for each x € A, f¢(A) is an IF set in X, whose
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membership function f¢(x) = (fo(2)), for all z € A. Here f¢ is the membership
function of f¢(a).

Definition 2.14 ([11]). Let 7 be the collection of IF soft sets over X, then 7 is
said to be an IF soft topology on X, if

(1) (TDA , )?A belong to 7.

(2) If (fa); € 7, for all i € I, then Ujes(fa); € 7.

(3) For fu, gy € T implies that f,Ngy € 7.

The triplet (X, 7, A) is called an IF soft topological space over X. Every
member of 7 is called IF soft open set. An IF soft set is called IF soft closed if
and only if its complement is IF soft open.

Example 2.15. Let X = {1'171'2}7 A= {617 62} and 7 = {5473(\27 fAnga hAa kA}v
where fa, ga, ha, ka are IF soft sets over X, defined as follows

fle)(z1) = (0.2,0.8), f(e1)(w2) = (0.6,0.3),
f(e2)(z1) = (0.2,0.5), f(e2)(z2) = (0.9,0.1),
g(e1)(z1) = (0.1,0.8), g(e1)(z2) = (0.6,0.1),
g(e2)(z1) = (0.2,0.8), g(ez)(z2) = (0.8,0.1),
h(e1)(z1) = (0.2,0.8), h(e1)(x2) = (0.6,0.1),
h(ez)(z1) = (0.2,0.5), h(e2)(x2) = (0.9,0.1),
k(e1)(z1) = (0.1,0.8), k(e1)(x2) = (0.6,0.3),
k(e2)(x1) = (0.2,0.8), k(ez)(z2) = (0.8,0.1).

Then

T :{@x, 3(\27 ({$(0.2,0.8), x(0.6,0.3)}a {55(0.2,0.5)7 90(0.9,0.1)})» ({$(0.1,0.8), 1’(0.6,0.1)},
{$(0.2,0.8)7 95(0.8,0.1)})7 ({$(0.2,0.8)7 $(0.6,0.1)}7 {37(0.2,0.5)7 95(0.9,0.1)})7 ({$(0.1,0.8)7
36(0.6,0.3)}, {33(0.2,0.8)’ 30(0.8,0.1)})}

is an IF soft topology on X and hence (X, 7, A) is an IF soft topological space
over X.

Theorem 2.16 ([11]). Let 7 be the collection of IF soft sets over X. Then

(1) ®4, X4 are IF soft closed sets over X.

(2) The intersection of any number of IF soft closed sets is an IF soft closed
set over X.

(3) The union of any two IF soft closed sets is an IF soft closed set over X.

Definition 2.17 ([11]). Let (X, 7, A) be an IF soft topological space over X
and fa be an IF soft set over X. Then IF soft interior of IF soft set f4 over X is
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denoted by int(f4) and is defined as the union of all IF soft open sets contained
in fa. Thus int(f4) is the largest IF soft open set contained in f4.

Definition 2.18 ([11]). Let (X, 7, A) be an IF soft topological space over X
and fa be an IF soft set over X. Then the IF soft closure of f4, denoted by
cl(fa) is the intersection of all IF soft closed super sets of f4. Clearly cl(fa) is
the smallest IF soft closed set over X which contains f4.

3. Properties of intuitionistic fuzzy (IF) soft semi-open(closed) sets

We define:

Definition 3.1. Let (X, 7, A) be an IF soft topological space over X, where
X is a nonempty set and 7 is a family of IF soft sets. An IF soft set fa in an
IF topological space (X, 7) is called IF soft semi-open, if there exists an IF soft

open set g4 such that g4CfaCel(ga). The class of all IF soft semi-open sets in
X is denoted by S/’?S@(X)

Definition 3.2. An IF soft set f4 in an IF soft topological space (X, 7, A) is
IF soft semi-closed if and only if its complement (f4)€ is IF soft semi-open. The

—_——

class of an IF soft semi-closed sets is denoted by SSC (X).

Remark 3.3. From the definition, it is obvious that an IF soft open set is IF
soft semi-open in an IF soft topological space (X, 7, A). The following example
shows that the converse is not true in general.

Example 3.4. Let us consider an IF soft topological space (X, 7, A) of Example
2.15. The IF soft closed sets are

(i):xg({iﬁ(o,l), 96'(071)}7 {53(0,1)7 96‘(071)})7 Eé({x(m), 96'(1,0)}7 {30(1,0), 96'(1,0)})’
({x(o.s,o.z)» 90(0.3,0.6)}7 {93(0.5,0.2), 1‘(0.1,0.9)})a ({33(0.8,0.1), 90(0.1,0.6)},
{55(0.8,0.2)7 $(0.1,0.8)})7 ({95(0.8,0.2) ) 33(0.1,0.6)}7 {33(0.5,0.2)7 $(0.1,0.9)}),

({50(0.8,0.1)7 90(0.3,0.6)}7 {96‘(0.8,0.2)7 90(0.1,0.8)})~

Now we consider an IF soft set {4 over X defined by
l(el)(wl) = (0.2,0.7), l(el)(l'g) = (0.6,0.2),
l(e2)(x1) = (0.2,0.4), I(e2)(x2) = (0.9,0.1),

That is, 1a=({(0.2,07), %(0.6,0.2) }» {%(0.2,0.4)> Z(0.9,0.1)})- Then there exists an
IF soft open set fa=({7(0.2,0.8)> Z(0.6,0.3) }» {a:(o.z,gi), (0.9,0.1)}) such that

faclace(fa)=({zo), 200} {200, 200} =Xa.
Hence [ 4 is an IF soft semi-open set, but {4 is not an IF soft open set.
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Proposition 3.5. Let fa be an IF soft set in an IF soft topological space
(X,7,A). Then fa is IF soft semi-open if and only if f4Ccl(int(f4)).

Proof. (=) Suppose that f4 is IF soft semi-open, then the there exists an
IF soft open set g4 such that ga ; faC clN(gA). Now gAéint(fA) implies that
cl(ga)Cel(int(f4)). Therefore fa C cl(ga)C cl(int(fa)).

(<) Suppose that fa é cl(int(fa)). Take gAgint(fA), we have

9a € fa C cl(ga).
This completes the proof.

Theorem 3.6. Let (X, 1, A) be an IF soft topological space. Then an arbitrary
union of IF soft semi-open sets is an IF soft semi-open set.

Proof. Let {ga, : @ € I} be a collection of IF soft semi-open sets and
hAgﬁael(gA)a. Since each ga, is IF soft semi-open, then there exist an IF
s~oft open set f~Aa such that fa, égAaécl(an) and so L:Jae]anéﬁaenga

éﬁgejcl(an)écl(ﬁaejf,qa). Let fAéﬁaeija. Then f4 is IF soft open and

fAianIgAa Ccl(fa). Therefore, Uyerga, is an IF soft semi-open set. Hence
the proof.

Proposition 3.7. Let fa be an IF soft semi-open set and ha be an IF soft set
in an IF soft topological space (X, T, A). Suppose fa C hy C cl(fa). Then hy
1s an IF soft semi-open set in X.

Proof. f4 be an IF soft semi-open set implies that there exists an IF soft open
set g4 such that g C fa C cl(ga). Now ga C hy and c(fa) C cl(ga) implies

that ha C cl(ga). Therefore g C haC cl(ga). Hence hy is an IF soft semi-open
set in X. This completes the proof.

Proposition 3.8. Let fa be an IF soft set in an IF soft topological space
(X,7,A). Then fa is IF soft semi-closed if and only if there exists an IF soft

closed set hy such that mt(hA)ifAihA.

Proof. This follows directly from the definition of an IF soft semi-closed set.
The following proposition is obvious.

Proposition 3.9. Fvery IF soft closed set is IF soft semi-closed in an IF soft
topological space (X, 1, A).

The following example shows that the converse of the above proposition is
not true in general.
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Example 3.10. Consider an IF soft topological space (X, 7, A) over X of

Example 3.4. Take an IF soft set ma=(l4)¢ over X as:

mA;({ﬂﬁ(o.?,o.Q)a 90(0.2,0.6)}> {33(0.4,0.2), 95(0.1,0.9)})-
We observe that m 4 is an IF soft semi-closed, but m 4 is not an IF soft closed
sets.

Next we give the characterization of an IF soft semi-closed set.

Theorem 3.11. Let f4 be an IF soft set in an IF soft topological space (X, T, A).
Then fa is IF soft semi-closed if and only if int(cl(fA))éfA.

Proof. (=) Suppose that f4 is IF soft semi-closed, then by Proposition 3.8,
there exists an IF soft closed set h4 such that int(hA)é fAéh 4. This follows
that cl(f4)Cel(ha)=ha. Thus int(cl(f4))Cint(ha).

Therefore, int(cl(fA))émt(hA)EfA.

(<) Suppose that fa be an IF soft set in (X, 7, A) such that int(cl(fA))éfA.

Take cl(fA)ghA. Then int(hA)éfAihA. This implies that f4 is an IF soft semi-
closed set. Hence the proof.

Theorem 3.12. Let {fa, : a € I} be a collection of an IF soft semi-closed sets

in an IF soft topological space (X, 7, A). Then the intersection Nacr(fa,) is an
IF soft semi-closed set in (X, T, A).

Proof. Since each a € I, fa, is an IF soft semi-closed set, ~then byv Proposition
3.8, there exists an IF soft closed set 4, such that int(ha,)C(fa,)C(ha,). This
follows that Nacs(int(ha,))Chaer(nt(ha,))Chacr(fa,)CMacr(ha,). Take
6a€I(hAa)§(hA)' Then by Theorem 2.16, h4 is an IF soft closed and hence

Nacr(fa,) is an IF soft semi-closed. This completes the proof.

Theorem 3.13. Let fa be an IF soft semi-closed set and ga be an IF soft set

in an IF soft topological space (X,7,A). If int(fa)CgaCfa, then ga is an IF
soft semi-closed set.

Proof. Since f4 is an IF soft semi-closed, then by Proposition 3.8, there ex-
ists an IF soft closed set h4 such that int(hA)EfAEhA. Then gAEhA. Also
int(int(ha))Zint(ha)Cint(f). This implies that int(ha)Cga.

Therefore, int(h A)égAEh A. Hence g4 is an IF soft semi-closed set. Hence
the proof.

Definition 3.14. Let f4 be an IF soft sets in an IF soft topological spaces
(X,7,A). Then
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(1) the IF soft semi-interior of f4 is denoted by sint(f4) and is defined as
the union of all IF soft semi-open subsets of f4.

Clearly, sfzvnt( fa) is the largest IF soft semi-open set over X contained in f4.

(2) the IF soft semi-closure of f4 is denoted by scl (fa) and is defined as the
intersection of all IF soft semi-closed supersets of f4.

Note that ;c/l( fa) is the smallest IF soft semi-closed set over X which con-
tains f4.

Example 3.15. Let us consider an IF soft topological space (X, 7, A) over X
and an IF soft closed sets of Example 3.10. It is clear that for any IF soft closed
set k4, t;\c/l(kA)ik'A

Example 3.16. Let us consider an IF soft topological space (X, 7, A) over X
and an IF soft open sets of Example 3.4. It is clear that for any IF sot open set

fa, sint(fA)=(fa).
From Remark 3.3, Proposition 3.9 and Definition 3.14, we have:

Remark 3.17. Clearly, if fA be an IF soft set 1n an IF soft topological space
(X, 7, A), then int(fa)Csint(f4)C (fA)Cscl(fA)Ccl(fA)
Theorem 3.18. Let fao and ga are two IF soft sets in an IF soft topological
space (X, 1,A) over X. Then -

(1) sint(@4)Z5cl(B2) 2D 4 and sint(X ) Zscl(Xa)ZX 4.
N(Z) fa is an IF soft semi-open (respt. IF soft semi-closed) set if and only if
sint(fa)=fa(respt. scl(fa)=fa).
fAC(gA) implies S/Zsz(fA)éS/ZAV—/mf(gA) and scl(fA)C;c/l(gA)
<fA>ﬁsTm<gA> Zsint(fafga) and scl(fa)7sel(g4) 3¢l (faPga):
sint(f4)0sint(g.)Csint(fa0ga) and scl(fa)0scl(ga)Zscl(fa0g.)-

Proof.(1)—(4) follow directly from the definitions of IF soft semi-interior and If

soft semi-closure and are therefore omitted. _ _

(5) (i) Using (4), we have (faNga)Cfa, (faNga)Sga implies
sint(fanga)Csint(f4), sint(faNga)Csint(ga),

so that @(fAﬁgé)\;%(fA)ﬁ%(gA). Also, since sint(f4)C fa and s/z%/t(gA)égA
implies %f(fA)%(%(gA):(fAﬁgA)

~_ Thus smt(fA)ﬂsmt(gA) is a IF soft semi- open_ st subset of (fAﬁgA) Hence
smt(fA)ﬁsmt(gA)gsznt(fAﬁgA) Thus smt(fA)ﬂsmt(gA) = sznt(fAﬂgA)
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- (11) Usmg (4), we have (fAﬁgA)CfA, (fAﬂgA)CgA implies scl(fAﬂgA)Cscl(fA)

scl(fAﬂgA)Cscl(gA) so that scl(fAﬁgA)Cscl(fA)ﬂscl(gA)
(6) The proof is similar to (5) by using the property that fAC(faUga),
gaC(faUga). Hence the proof.

Theorem 3.19. Let f4 be an IF soft set in an IF soft topological space (X, T, A)
over X. Then

(1) (simt(£))“Zscl(f4)9).

(2) (scl(f))*=sint((f4)")-

(3) sint(int(fa))Zint(sint(fa))Zint(fa).
(4) sel(cl(fa) Zel((sel(£4)))Zel(fa).

Proof. (1) sint(fa)Cfa implies that (f4)°C(sint(fa))°.

Now by Theorem 3.18(2) and since (s/zzt/( fa))¢ is a IF soft semi-closed
set, we havejA(;l((fA)c)é(;a((%(fA))C)é(%(fA))c. For the reverse inclu-
sion, (fa)°Cscl((fa)°) implies that (scl((£4)*)°C((f4)°)°=fa. scl((fa)°) be-
((fa)?))¢ is IF soft semi-open. Thus

(sel((£)°))Csimt(f4) and hence (sint(£4)) E((sel((£4)°)) ) Zsel((£)°).
(2) The proof is same as (1).
(3) By Remark 3.3, int(f4) is an IF soft open implies that it is IF soft semi-

open. Therefore, by Theorem 3.18(2), (g/nt(int(fA))émt(fA). Now by Remark

3.17, int(fa)Csint(fa)=f4. This implies that sint(int(fa))=int(fa).
(4) By Proposition 3.9, cl(fa) being an IF soft closed implies that it is IF

soft semi-closed. Therefore by Theorem 3.18(2), ;d(cl( fA))icl( fa). Now by
Remark 3.17, fACscl(fA)Ccl(fA) Hence scz(fA)Qd(.EZz(fA))i?cz(fA). This
implies that cl((scl(fA)))—cl(fA). This completes the proof.

mg IF soft seml closed implies that (scl

4. Intuitionistic fuzzy (IF) soft semi-neighborhood systems

Definition 4.1. An IF soft set f4 is called an IF soft point over X, denoted
by ey, if for the element e € A, f(e) # (®,®) and f(¢) = (P, ®), for all
e e A—{e}.

Definition 4.2. An IF soft point ey is said to be in an IF soft set g4, denoted
by ef € ga, if for the element e € A, f(e) C g(e).

Example 4.3. Let X = {x1, 22}, A = {e1,e2} and let us consider an IF soft
point as: e1=(e1,{7(0.1,0.8), ¥(0.6,0.3)}) and an IF soft set g4 defined by:
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g(e1)(x1) = (0.1,0.7), g(e1)(x2) = (0.6,0.1),
g(e2)(x1) = (0.1,0.8), g(ez)(w2) = (0.9,0.1).

Then ga=({2(0.1,0.7): T(0.6,0.1) }> {%(0.1,0.8), Z(0.9,0.1) })- It is clear that e;;€ga,
since f(e1) € g(e1). Obviously, f(e2) = ® = {z(0,1), Z(0,1)} € g(e2).
Proposition 4.4. Let ep be an IF soft point over X and ga be an IF soft set
over X. If ef€ga, then ef%(gA)c.

Proof. If efégA, then for e € A, f(e) C g(e). This implies f(e) € g°(
Therefore, we have e f%gjg(g 4)¢. This completes the proof.

Remark 4.5. The following example shows that the converse of the above
proposition is not true.

Example 4.6. Let X = {z1,22}, A = {e1,ea} and let us consider the IF soft
point as: e1=(e1,{%(0.2,0.8), ¥(0.6,0.3)}) and an IF soft set g4 defined by:

g(e1)(z1) = (0.1,0.8), g(e1)(xz2) = (0.6,0.1),
g(e2)(z1) = (0.2,0.8), g(ez)(z2) = (0.8,0.1).

Then gAi(N{iU(o.Lo.s)a T(0.6,0.1) }> 17(0.2,0.8)s £(0.8,0.1) })- 1t is clear that elfégA-
Moreover, e17#(94)°=({Z(0.1,0.8)s ¥(0.6,0.1) }> {Z(0.2,0.8)s T(0.8,0.1)})-

Definition 4.7. Let e, be an IF soft point in an IF soft topological space

(X, 7,A) over X. If there is an IF soft semi-open set g4 such that e,€ga, then
g4 is called an IF soft semi-open neighborhood (in short: nbd) of ej,. The set of

all IF soft semi-open nbds of e, denoted g;bgl(eh), is called an IF soft semi-open

nbd systems of e;. That is, %(eh)g{gA : ga is an IF soft semi-open set and

ehégA}.
The following theorem gives us important properties of an IF soft open nbd
system:

Proposition 4.8. Let fa, ga and ha are IF soft sets in an IF soft topological
spaces (X, T, A) over X such that ga,haCfa. Then the collection of an IF soft

semi-open nbd snbd(ek) at e in (X, 7, A) has the following properties:
(1) IngEsnbd(ek) then ekEgA. -
(2) Ing,hAESnbd(ek) then gAﬁhAés%d( k)
(3) IngEsnbd(ek) and gaCha, then hAES'nbd(ek)

(4 )Ingesnbd(ek) then there is an hA€snbd(ek) such that gA€snbd(el) for

each e;€h 4.
(5) gaCfa is an IF soft semi-open if and only if ga contains an IF soft
semi-open nbd of each of its IF soft points.
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Proof. (1) is obvious, since g4 is an IF soft semi-open nbd of er€fa. So ga is
an IF soft semi-open set such that e;€g4.

—~—

(2) If gA,hAégﬁl_)Zl(ek) then there exist an IF soft semi-open sets m4 and
na such that e@AégA and ekenAghA Therefore ekEmAﬂnACgAﬂhA and
hence gAﬁhAE%(ek)

(3) Since gAesnbd(ek) then there exists an IF soft semi-open set °t maA such
that ekaACgA Then ekaACgAChA or ekEmAChA Hence hAesnbd(ek)

(4) Since gA€snbd(ek) then ekEhACgA, for hy an IF soft semi-open set in
fa. Slnce ekGhAChA then hAESnbd(ek) If ekEhA, then by (3) hAégA implies
gAesnbd(ek), for each ekGhA.

(5) (i) Suppose g4 is an IF soft semi-open in fy4, then 6k§gA§fA implies g4
is an IF soft semi-open nbd of each e;€g4.

(i) If each ex€ga has an IF soft semi-open nbd (h4)e, CgA, then ga = {ex :
ekEgA}CUe egA(hA)ekCgA or gy = UekEgA(hA)ek This gives g4 is an IF soft

semi-open in f4. Hence the proof.

Definition 4.9. Let (X, 7, A) be an IF soft topological space over X. An IF soft

—_~

semi-nbd base at eké fa is a subcollection %S(ek) of IF soft semi-nbd ;L\b?l(ek)

—~—

having the property that each gAégﬁl_);l(ek) contains some hAégﬁl_)ZZs(ek). That

—_~

is, %(ek) must be determined by s/n\(;is(ek) as follows:

—~—

gr;l;l(ek) = {gAifA : haCga, for some hAés/ﬁl;is(ek)}.

Each h AE%S (er) is called a basic IF soft semi-open neighborhood of e.
For an IF soft basic semi-nbd system, the following properties directly follows
by the corresponding properties of Proposition 4.8.:

Proposition 4.10. Let fa be an IF soft set in an IF soft topological space

(X, 7,A) over X and for each 6kéf,4, let S/r;b/ds(ek) be an IF soft semi-nbd base
at er. Then we have the following properties.

(1) If hAés;des(ek), then ekéhA.

(2) If ga, mAésﬁds(ek), then there is some nAES/T—L\l)/dS(ek) such that
naCgalima.

(3) If hAés%\b/ds(ek), then there is some ZAES/EZ)/dS(ek) such that if epélA,

then there is some mAésfﬂgds(ep) with maCha.

(4) gaC fa is an IF soft semi-open if and only if ga contains an IF soft
semi-basic nbd of each of its IF soft points.
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Conclusion. The parameters may not always be crisp, rather they may be
intuitionistic fuzzy in nature in real life situations. The problems of object
recognition have received paramount importance in recent years. The recogni-
tion problem may be viewed as multiobserver decision making problem, where
the final identification of the object is based on the set of inputs from different
observers who provide the overall object characterization in terms of diverse
set of parameters. Intuitionistic fuzzy set is fruitful and more realistic model
of uncertainty than the fuzzy sets. Extending this approach further, intuition-
istic fuzzy soft sets were introduced, as a generalization of fuzzy soft sets and
standard soft sets. Intuitionistic fuzzy soft sets used to handle the problem of
muti-criteria decision making. Here, we defined and established the topological
structures of intuitionistic fuzzy soft semi-open sets and intuitionistic fuzzy soft
semi-closed sets. We also defined and explored the properties of intuitionistic
fuzzy soft semi-interior, intuitionistic fuzzy soft semi-closure and discussed the
relationship between them. Moreover, we established and discussed intuition-
istic fuzzy soft semi-open neighborhood systems. We hope that the findings in
this paper will enhance and promote the further study proceed towards practical
life application.
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