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Abstract

This work introduces concept for an intuitionistic fuzzy soft(ifs) boundary in
intuitionistic fuzzy soft(ifs) closure space. Additionally, the intuitionistic fuzzy soft semi-
boundary in intuitionistic fuzzy soft closure spaces is presented, its characteristics are
explored. Furthermore, main aims are to discuss necessary condition of function to
considered (ifs) continuous with respect to an (ifs) closure spaces by employing the notions
of (ifs) boundary and (ifs) semi-boundary in an intuitionistic fuzzy soft closure space.
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1. Introduction

Zadeh [1] studied a notion for the fuzzy sets, marking beginning for
extensive research in this field. Following this, Chang [2] constructed concept
for the fuzzy topological spaces.

Later, Coker [3] introduced the definition for intuitionistic fuzzy set, which
led Atanassov [4] defined an intuitionistic fuzzy topological spaces. Molodtsov
[5] then introduce soft set, and Maji, Biswas, and Roy [6] gave definition for
fuzzy soft sets. A intuitionistic fuzzy soft sets was given by Maji, Biswas, and
Roy [7]. Subsequently, authors in [8] contributed to the ficld by introducing the
definition of intuitionistic fuzzy soft closure spaces.

A present study aim to describe a notion for the intuitionistic fuzzy soft
boundary.
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Moreover, the necessary condition for a function to be a newly introduced
(if s) continuous and (ifs) semi-continuous function with helps of intuitionistic
fuzzy soft boundary sets and (if's) semi-boundary sets with respect to an (if's)
closure space is discussed deeply, and we explore important properties and
characterizations of these functions.

Note: We write ifs to mean intuitionistic fuzzy soft.

2. Preliminaries

Definition 1: [7], [9], [10] if M the initials universal sets & § the set for every
parameter and F € §. assume [F™ is sets for intuitionistic fuzzy set over M. An
intuitionistic fuzzy soft (if's) sets over M be pair (R, F;rs) where R is a function
R:F — IFM s.tR(s) = {(m,uf(m),AF(m)) im EM,s € 5}. Letifs (M, S)
is the family of if's soft set. We will denote to p p(#m),A r(m) by R, and R,,
respectively. The family of every fuzzy set on M is [,

Example 1: Assume that M = {#m,, m,, m4} be an initial universe set and § =
{51, 55,93} is a set of parameters. If (R,Firs) = {R(s;) = {(m,0.8,0.001),
(m,,0.07,0.2), (m5,0.06,0.3)},

R(s,) = {(m4,0.005,0.4) , (m,,0.2,0.06), (m5,0.1,0.008)},

R(s3)={(m4,0,1), (m,,0.09,0.1), (115 ,0.3,0.005)} }.

Then, (R, Fifs) be an if's set.

Definition 2: [7], [9] For two ifs sets (R, Firs) and (X, Tjfs) over a common
universe M, we write (R, Fifs) g (X, Tyfs) and state that (R, Fifs) is an ifs
subset of (X, Tyfs) ,if F € T and for all s € F, R(s) < X(s).

The complement of an ifs set (R, Fifs) is denoted by (R, Firs)¢, defined as
(R Fips)= (RC:.Fifs)' Where Rf:F — IFMis a function given by R°(s) =
[R(s) ], Vs €F, thusif R(s) = {(m, U R () (m),?\k(s)(m)) meEM,s €S}

Then, R(s) = [R(3) 1 = {(m. 4 9 (), Wy (m)):m € M5 €5 ).

Definition 3: [7], [10] A null ifs set, which § represents, is an ifs set, R(s)
= {(m W (m), Ag (m)):Vm EM,Vs€E S}, so Up (m) = 0,Ar (m) = 1. An
absolute  ifs set, which { represents, is an ifs, R(s)=
{(/m,uf (m), Ay (m)) :Vm € M,Vs € S}, so pp (m) = 1,4 (m) = 0.

Definition 4: [7], [11, 12] Intersections for the two if's set (R, Firs) & (X, Tyfs)
over common universal M be an ifs sets (J, Cirs), when C = FNG,V s € C and
J(s) = R(s)NX(s). We write (R, Fifs) A X, Tyrs). And unions for two ifs set
(R, Firs) & (X,Tyfs) over a common universal M an ifs sets (J, Cirs), when
C=FUT,vseC and J(s) = R(s)UX(s). We write (R, Fifs) J & Tyfrs) as
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follows, J(s)=R(s) if s€F—-T, J(s)= X() if s€T—-F J() =
R(s)UX(s) ifs € FNG, Vs € C.

Definition 5: [8] An operator C,:ifs(M,S) — ifs(M,S) is called an
intuitionistic fuzzy soft closure operator (ifs — C,, for short) on M, if for all (R,
Firs) and (X, Tyzs) € ifs(M, ) the following axioms are satisfied:
L= GE)
2. RFiss) € C(RFirs)s
3. RFirs) €K Tips) = C(RFirs) € Co(X, Tigs)-

The triple (M, C,,8) named intuitionistic fuzzy soft closure spaces
(ifs — C; space). The if's — C, is denoted by M.

Example 2: By example 1, we have Q(R,Fl-fs) = (R Fifs)s Q((:ﬁ)= ® and
¢, (i) =1, then (1, C,, S) is referred to as an if s — C, spaces.

Definition 6: [8] Ifﬁim; is the ifs — C, spaces. A subset (R, F;rs) of an ﬁifSS

space, then interiors and closures for (R,Fiss) are denote respectively by

Int ¢, (R Firs) , (R Fyfs) define as following:

1. Intuitionistic fuzzy soft closed (if'sC's in short), if (R, Fifs) = G R Fifs)

2. Intuitionistic fuzzy soft open (ifsO’'s in short), if (RFis) =
Int ¢, (R, Fifs).

3. A complements for ifsC sets named ifsO set.

4. IfC(RFifs) g (R Fifs)- Then, (R Fifs) is an if sC set Ofﬁifscg'

5. Inte,(RFirs) = U{(T, Qifs): (I, Qips) 18 f50's: (T, Qigs) € R Firsd}-

6 (RJ.FlfS) = ﬁ{(g;Tifs): (&, Fifs) is fsC's: (R:.Fifs) c (& Fifs)}-

Definition 7: Let ]\:/[ifsg be an ifs — C, space and (R, Fys,) € ﬁifSS. Then,
semi-(interior, closure) for (R, F;rs) be denoted respectively as SInt ¢, (R, Fifs)
& S(R,F.fs) define as followed:

1. Intuitionistic fuzzy soft semi-closed (ifs —SC’s in short), if
Int ¢, (R Furs)) € RF)-

2. Intuitionistic fuzzy soft semi-open (ifs —SO’s in short), if
(R Firs) € (Int,(RFiss))- The complement of ifs — SC's set is called
ifs —SO's set.

3. SInt,(R Fifs) = U{(g, Qifs): (J,9if5) is  fs—=S0's: (J, Qifs) =
RFirs)}
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4. S(RFys)= ﬁ{(& Fifs): (€, Fips) is ifs = SC's: (R, Firs) c (& Firs)}-

Proposition 1: [8] Let ]\z/[ifSS be an ifs — C, space, (R,Fifs) and (X, Tyf) are
if s subsets over M , then

L. (R:Fifs)ﬁ(R:Fifs) = (R Firs)s (R'Fifs)ﬁ (R Firs) = (R Firs).

2. (R;.Fifs)ﬁ 3 = RFiss) (R'.Fifs)ﬁ =5 (R'.Fifs)ﬁ 1=1

3. RFyINT = RFipe)- It (F) = . Int (D =1

4 (RFirs) N (85, Tir))* = R Fire)® T (X Bigo) .

5. ((RFis) UG Typ)) = RFird)® [ (5, Bigo)”.

6. (Inte,RFyd)* = ((R Fiys)) (RF)® = (nt ¢, (R Firs) .

7. Intc,(RFifs) g (R Fifs), Int ¢, (Int ¢, (R Fis)) = Int ¢, (R Firs) -
8. If(RFiss) € (%, Typ), then Int ¢, (R Fiys) € Int ¢, (%, Typ)-

9. Int¢,((RFifs) n (%, Tifs)) = Int Cg(R:.Fifs)ﬁ Int ¢, (X, Byfs)-

10, Intc, (R Fire) U Int ¢, (X, Bige) € Inte, (R Figs) UK, Tige))-

3. Intuitionistic Fuzzy Soft Boundary
Definition 8: Let (M, C,, ) and (W, (54, S) be two if's — (, spaces.

A function §: ﬁifSS - zifSS is called intuitionistic fuzzy soft closed
(open) function, if §(E, Firs) is an if sC (ifsO) subset of (W, Cyy,S), for every
(€, Fifs) is an if sC (if sO) subset of (M, C,, S).

Definition 9: Let (M, C,, §) and (W, (34, S) be two ifs — (, spaces. A function
d: ﬁ[ifSS - zifSS is said to be an ifs continuous function, if § (€, Fifs) is an
ifsC set 0f_7\7[if55 for each if sC set of ﬁ:}i

fss*

Definition 10: Let (Mifs: Hifs) be an ifs set of ifs — Ce Space ]\:/[ifs;’ the
intuitionistic fuzzy soft boundary of (Mfs, Hirs) (if sB's in short) is defined as
HQ (Mifs: Hifs) = (les, Hlfs)ﬁ (les: Hlfs)c- The ifSB’S is denoted by HQ-

Proposition 2: If (M;fs,Hirs) be an ifs set in ifs — C, space ]\z/[l.fSS. Then,
HQ(Mifs: Hifs) = HQ(ML‘fs' Hifs)c~

Proof: Let HQ(ML‘fs: Hifs) = (les; Hlfs) ﬁ (lesr Hlfs)c -

(les: Hzfs)c ﬁ (les' Htfs) = (les' Hlfs)c ﬁ ((les: Hlfs)c)c = HQ’
(Mifs: Hifs)c'



INTUITIONISTIC FUZZY SOFT BOUNDARY AND SEMI BOUNDARY SETS 1629

Proposition 3: If (M;fs, Hirs) be an if sC setin ifs — C, space ]\:/[L.fsg.
Thena HC'[(Mifsﬂ Hl’fs) E (MifS’ Hl’fS)'

Proof: Let (M5, Hifs) be an if sC set in ﬁifsy He, Migs, Higs) =

(Mufs) Hrs) ﬁ (l\glfs' Hups)© = (Murs) Hurs) = (Migs, Higs), hence
He, Migs, Hirs) € (M, Higs).

Proposition 4: If (M;rs, Hirs) be an ifs set in ifs — C, space ]\:/[ifSS. Then,
He, e, Migss Hirs)) € He, Migs Higs).

Proof: Let (Miss,Hirs) be an ifs set in ﬁifSS, HQ(HQ(Mifs.Hifs)) =
(H(fe(lesr Hlfs)) N (HQ(MU‘S; Hlfs))c E (HQ(MLfS' HLfS)) = HQ(Mifs: Hifs)~

Proposition 5: If (M5, Hirs) be an ifs set in ifs — C, space ]\:'/Z‘ifsg. Then,
c = c
(HQ(Mifs' Hirs)) = Inte,(Mirs, Higs) U Inth(Mifs' Hifs) -

Proof. Let (Mis,Hirs) is an ifs set in ﬁifSS, (HC{,(Mifs,Hifs))C
= ((Mtfs' Hlfs) ﬁ (les' Hlfs)c) = ((szsv Hzfs))c G ((szsr Hlfs)c)c' By 1’ we

Cc =

get Intc, (Mifs' Hifs) U Int, (Mifs' HifS)'

Proposition 6: If (M;rs, Hirs) be an ifs set in ifs — C, space ]\7[if55. Then,
He, Migs: Hirs) = Mirs, Hips) — Inte, (Migs, Higs)-

Proof: Let (Mifs,Hifs) is an ifs set in ﬁifSS. Since (m)c =
Intce(Mifs,Hifs), therefore we have H¢,(Mis, Hirs) = (Mirs Higs) A
(Mirs Hirs)€ = Wipss Hips) = ((Mopss Hips)OE = (Mogss His) — Inte, (M, Higs)-
Thus He, Mifs, Hirs) = Mypss Hips) — Inte,(Mirs, Higs)-

Proposition 7: If (M;ss, Hirs) be an ifs set in ifs — C, space ﬁifSS. Then,
He,(Inte, Migs, Higs)) € He, Migs, Higs)-

Proof: Let (Mifs, Hirs) is an ifs set in ﬁifsy He, (Inte, Mirs, Higs)) =
(Inth(MLfs' Hlfs)) ﬁ (Inth(szs' Hzfs))c = (IntCe(les' Hlfs)) - IntCe(IntC{’

(Mifs' HifS)) = (IntC[(Mtfs' Htfs)) - IntCe(Mifs' Hifs) E (les: Hlfs) -
Intc,(Mirs, His) = He, Migs, Hirs).
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Proposition 8: If (M;rs, Hifs) be an ifs set in ifs — C, space ]\7[”55. Then,
Intc,(Mirs, Higs) € (Migss Higs) — He, Migs Higs)-

Proof: Let (Mfs, His) is an if's set in ﬁifs§~ (Mirs: Higs) — He, Mirs, Hirs) =
(Mifs Hiss) ) (HQ(Mifst Hifs))c = (Mifs Hiss) A (mﬁ
My Hip)O)© = (Mifs Hiss) N (IHEC[(Mifs: Hifs)c y Intc,(Miss, Higs)) =
((Mifs, Hifs)ﬁ Intc,(Mifs, Hifi)c) U((Mifs, Hifs)~ﬁ Intc,(Mifs, Higs )
((Mifs, Higs)NIntc, (Mifs, Hifs)c)UInth (Mifs Higs) 2 (Migs, Higs)-

Proposition 9: Let ﬁifSS be an ifs — C, space, (R, Firs) and (X, Uyr,) are if's
sets over M, then He, (R, Fir)U(X, Tigs)) € He, (R Fir)U He, (X D).

Proof: B, (R Fige) 0% Bige)) = (R Fir) 0%, B ) A (R For) U8, Tug) )
€ (R Fira) UK i) AR Foro) N(X,Tugs) ) = (R Fors) AR Fopo)®
A% Tys)” ) U® Ty N (R Fr) (X Typs)* ) = He®R Figs)
(%, o) )0 He 3 TBigs) 7 R Furo)®) € He, (R, Figs) UHe, (5, Bigs)-

Proposition 10: Let ﬁiﬁs be an ifs — C, space, (R, Fis) and (X, Tyfs) are ifs
sets over M. Then, H,((R, Fifs)ﬁ(x, Tirs)) € He, R Figs) T He, (X Tigs).

Prooﬁ HQ((R} .Fifs)ﬁ(x' T'ifs)) = ((R; .Flfs)ﬁ(x: T’Lfs)) ﬁ ((R: .FLfS)ﬁ(X’ T’Lfs))C
E®Fyo) NETy) N Fp)f M) = {(my,0.2,0.00),
(m,0.8,0.01} = (M, Hyfs )"

Proposition 11: Let §: ﬁifSS - ﬁ:)ifsS be an ifs continuous function, then

He, (67 (R Firs)) € 67 (He, (R Firs)), for each if's set (R, Figs) of Wy,

Proof: Let §: ﬁ[ifSS - ﬁ]ifSS be an if's continuous function and (R, Fir,) be an
if's setin Wy, then He, (B (R Firs)) = (67 (R, Fis)) A (0" (R Fugs))*
€ (CRFDNERFsD = 67'RFu) N6 R Fup*
=6 R Fy) NR Fip)9 = 6 (He, (R Firs))

4. Intuitionistic Fuzzy Soft Semi Boundary
Definition 11: Let (M, C, S) and (W, (5, S) be two ifs —C, spaces. A

function §: ]\:/:[l. fss

§7Y(E, Figs) is an if s — SC set of 77,

— Wi, 1s said to be an ifs semi-continuous function, if

for each ifs — SC set ofﬁ)i

fss fss*
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Definition 12: Let (M, H;r5) be an ifs set of ifs —(, space ]\z/[ifsy the
intuitionistic fuzzy soft semi-boundary of (M;fs, Hifs) (if s — SB's in short) is
defined as SH¢, (Mirs, Hips) = Smﬁ S(Myrs» Hips)© - The ifs—SB's is
denoted by SH,.

Proposition 12: If (M5, Hifs) be an ifs set in ifs — C, space ﬁi then

SHe, Mifs Higs) = SHe, Mips, Hirs)©.

fss?

Proof: Since SHCf(MifS‘ IjifS) = S(lesr HlfS) ﬁ S(lesr Hlfs)c = S(les’ I-JlfS)C
N S(lesr Hlfs) = S(szs: Hzfs)c n S((MLfS' HLfs)C)C = SHC{’ (Mifs’ IT]ifS)c'

Proposition 13: If (Mifs,ljifs) be an ifs — SC set in ifs — C'( space ]\:/[ifSS.
Then, SHC[(Ml‘fS’ Hifs) E (Mifs: Hifs)-

Proof: Let (Mifs,Hirs) be an ifs —SC set in ﬁifsy SHe, Mirs, Higs) =

S(leSlHlfS) ﬁ S(les» Hlfs)c c S(les’ HlfS) = (MifS’HifS)' Hence,
SHQ(Mifs' Hifs) E (Mifs» Hifs)-

Proposition 14: If (M;ss, Hirs) be an ifs set in ifs — C, space ]\ZfSS. Then,
C =
(SHQ(Mifs' Hirs)) = SInte, Mifs, Hirs) U SInth(Mifs'Hifs)c'

Proposition 15: If (M5, Hirs) be an ifs set in ifs — C, space ﬁisz' Then,
SHQ(Mifs' Hifs) = S(lesl Hlfs) - SInth(Mifs' Hifs)~

Proof: Let (Mifs, Hirs) is an if's set in ﬁifss‘ SMifs) Hips) — SInte, (Mirs, Higs)

= SMus Bups) N (SInte, Migs, Hir)) = SMuss Birs) N SMurs) Bups)
SHQ(Mifs'Hifs)~

Proposition 16: If (M;fs, Hirs) be an ifs set in ifs — C, space ]\:/[L.fSS. Then,
SHCg (SlntC( (Mifs’ HlfS)) g SHC’{;(MifS! Hifs)'

Proof: Let (Mifs, Hirs) is an ifs set in ﬁ[ifSS. SHe,(SInte, (Mifs, Higs)) =
S(Sll’ltc{,(les, Hlfs)) - SlntCe(SInth(MifSl Hifs)) = S(SIBtC[(MLfS’ Hlfs)) -
SInte,(Mifs Higs) = S(MLfS’HLfS)~_ SIntc,(Mifs Higs) € SHe, Migs, Higs)-
Therefor, SH¢, (SIntc, (Mifs, Higs)) € SHe, (Mirs, Higs)-

Proposition 17: If (M5, Hifs) be an ifs set in ifs — C, space ]\:/[L.fSS. Then,
SInth(Mifs: Hirs) € (Mifs, Higs) — SHe, Migs, Higs)-
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Proof: Let (Mifs, Hifs) is an if s set in ﬁifss- (Mifs: Higs) — SHe, Migs, Higs) =
(Mifs Hiss) A (SHQ(Mifs'Hifi))c = (Miss Higs) A (Smﬁ
SMurs Hir))® = (Migs Higs) N (SInte,(Migs His)™ T SInte,(Migs, Higs))
= ((Mis Higs) ns Intc,(Mifs, Hifs)c) y ((Mifs Higs) N Sinte,(Mis, Higs)) =
((Mifs, Hifs)ﬁsmtu (Mifs, Hifs)c)GSInth(Mifs' Hifs) =] (Mifs Higs)-
Proposition 18: Let ﬁifsg be an ifs — C, space, (R, Fifs) and (X, Tyfs) are if's
sets over M. Then, SHQ((R,FUS)G(X, Tifs)) € SHe, (R Firs) U SHe, (X, Tigs).

Proof: SHe, (R Fir) U5 Tirs)) = SR Fy) 0%, Burs)) A8 (R Fy) T Byrs))
€ S®RFys) USE Tyo) ) NSERFT ASXTy) ) = CRFy)
ASRFy)E ASK Tyss) ) USE Tupe) 11 SRF £ AS(X, Typs)” ) =
SHE®RFir)  AS(X,Tys))0  CHe K Tirs) § SRFp) ) E
SHe, (R Fir) USHe, (%, Tig).

Proposition 19: Let ﬁifSS be an ifs — C, space, (R, Fifs) and (X, Tyfs) are if's
sets over M. Then, SI—_]Q((R,F,-fs)ﬁ(X, Tirs)) g SHe, (R,Fl-fs)ﬁ SHe, (X, Bigs).

Proof: SH (R Fiy) 1108 Tig)) = S(RFyd) % Bups)) 118 (R Fyro) 8K Byr))
€ SRFys) NSETye) NE®RFUSKTy) ) = SRFy)
ASRFors)° ﬁs(zg, Tups) ) USSR Tors) 1 (SR Fuye)® N S(X, Tups)” ) =
SH,RFis)  AS(X, Ty )00 GHEKTirs) 0 SRFy)9 €
SHe, (R Figs) USHe, (X, Tigs)-

Proposition 20: Let §: ﬁifSS - zifSS be an ifs semi-continuous function, then
(SHe, (67 (R Firs)) € 87 (He, SR Firs)), for each if's set (R, Firs) ofﬁ]iﬁs.

5. Discussion and Conclusion

Finally, a definition for intuitionistic fuzzy soft closure for the intuitionistic
fuzzy soft sets is presented, along with a discussion of several key
characteristics for the intuitionistic fuzzy soft closure spaces. After providing an
intuitionistic fuzzy soft semi-interior and illustrating intuitionistic fuzzy soft
semi-open sets, several of its fundamental properties are examined.

In conclusion, this study uses the notions for the intuitionistic fuzzy
boundary to derive the characterization theorems for various categories for the
intuitionistic fuzzy soft open functions that have been covered in earlier
research. Several basic claims and theorems will also be discussed. As far as
future research, we hope our results will provide a foundation for more studies
on functions and to develop a clear view of special limits.
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