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Abstract: This article is intended to launch another breakthrough in Intuitionistic Fuzzy g*Semi
Closed sets namely Intuitionistic Fuzzy g*Semi Open Mappings. We also poster some essential
comparative notions with other closed mappings and engage into a deeper analysis of their
characterizations.
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I. INTRODUCTION

Zadeh (1965)[15] with his invention of fuzzy sets began a new page in the history of Mathematics.
Chang [2] made it a point to introduce fuzzy topology in 1967. Atanassov [1] led this to another level
of generalization by his Intuitionistic Fuzzy Sets in 1986. Coker [3] constructed Intuitionistic Fuzzy
Topological spaces. Intuitionistic fuzzy closed mapping was introduced and investigated by Gurcay
et al. [6] in 1997. In 2000, Lee et al.[7] investigated the properties of open and closed mappings in
intuitionistic fuzzy topological spaces. In recent past Pious Missier, Peter Arokiaraj and et.al [6]
introduced Intuitionistic Fuzzy g* Semi closed sets in Intuitionistic Fuzzy Topological Spaces. Here
we proceed to present our findings on Intuitionistic Fuzzy g* Semi Open Mappings in Intuitionistic
Fuzzy Topological Spaces.

4905


mailto:petrajsdb@gmail.com
mailto:martinajency@gmail.com
mailto:spmissier@gmail.com

China Petroleum Processing and Petrochemical Technology

Catalyst Research Volume 23, Issue 2, December 2023 Pp. 4905-4912

Il. PRELIMINARIES

Definition 2.1. [1] Let U be a universal set. Then 9t; = {(u, umf(uu), Vg, (w)): weU} is called as an
intuitionistic fuzzy subset (JFS in short) in U. Here the functions o, : U = [0,1] and Vgt U = [0,1]
denote the degree of membership (namely umf(tul)) and the degree of non-membership (namely
Vane, (uw)) of each element weU to the set M;; respectively and 0 < llimif(ﬂﬂ)JfUamif (u) <1 for

each me U. The set of all 7FSs in U is denoted by JF7S(U). For any two JFSs M; and I,
(D UN)© = MENMG© (WM NTy5)© = Wy UN©.

Definition2.2: [1] If M; = {(w, U.gmif(ml), Vg, (w)): weU} and I = {(u, umif(tm), Vg, (w)): weU} be
two JFSs(U), then

(a) My< Ny; if and only if pgp, (W< pg, (W) and v, (W) = Ve, (w) for all wel,

(b) W= N; if and only if My < Ny and Mz 2 N,

(©) My« = {( w, vy, (w), pap, (W)): w U } (complement of M),

(d) MUty = {(u, pap,; (W)Vug, (W), Vo, (W)AVg, (w)): w e U },

(e) Mt = {( u, pap, (W)Apg, (W), Vap,; (W)VU,, (w)): wE U },

(F) (M U Nyp)© = M;© N 9© and (W NN)< = My© U N©.

(h) 0 =(w, 0, 1)(empty set) and 1 = ( w, 1, 0 ) (whole set).

Definition 2.3: [3] An intuitionistic fuzzy topology (JF7") on U is a family of 3FSs in U, satisfying
the following axioms.

1. 0,1€ev;

2. M N Ny € 75 for any Wi, Nz € 75

3. v Emifi € 7y for any family {smifl, li€J}c .
The pair (U,z;) is called an intuitionistic fuzzy topological space (JFTS) and any JFS in t;; is known
as an intuitionistic fuzzy open set (JF0S) in U. The complement (iIJtifC) of an JFOS M;; in an
JFTS (U, i) is called an intuitionistic fuzzy closed set(JFCS in short) in U. In this paper, JF interior
is denoted by int;; and JF closure is denoted by clj;.

Definition 2.4. [3] Let (U,7;) be an IFTS and Ni;; = {(u, ugnif(ml), Vg, (uw)): meU } bean JFS in U.
Then the interior and closure of the above JFS$ are defined as follows:

(l) mtlf(im,f) =uU {glf | gtf isan JFOS inU and glf c ‘Jﬁlf}

(||) Cl,f(ﬂﬁlf) =N {Klf |:}le isan JFCS inU and EIRIf c :}th}

Definition 2.5. [15] 7Fw-closed set (JFwCS in short) or IFg-closed (JF gCS in short) if cliz( Ajs)
< O whenever Az < Oy and Oy is JFs0.

Definition 2.6. [10] An JFS§S Entlf of an IFTS ([U, Tif) is called an JT@*/&C, if SClif( mtf) C Olf
whenever Mt < Oy and Oy is any JF g0 in (U, 7).
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Definition 2.7. [8] Let f: (U, t5) — (V, ;) be a mapping. Then f is said to be JFCM if f(IVy) is
JFCS in (V, o) for every JFCS N in (U, T3).

Definition 2.8. Let f: (U, 7;5) - (V, o) be amapping. Then f is said to be
(i) AnJFsCMI[11]if f(NVy) is IF8C in (V, o) for every IFCS Ny in(U, Ty) .
(i) AnJFaCM [12]if f(NVy)is IFaC in(V, a;) for every IFCS Ny in(U, 7).
(ili) An JF g CcM [9] if (V) is TFg*C in (V, ay) for every JFCS N in (U, 7).
(iv) An JFwCM [12] or IF gCM if f(INy) is IFgC in (V, ay) for every IFCS Ny in (U, T3).
(V) AnJFg*sCM [9] if f(Ny) is IFg*sC in (V,ay) for every TFCS N in (U, 7).
(vi) An JFYCM [8] if f(IVy) is ITFYC in (V, ay) for every IFCS N in (U, 7).

L INTUITIONISTIC FUZZY g* SEMI OPEN MAPPING IN INTUITIONISTIC FUZZY
TOPOLOGICAL SPACES

Definition 3.1. Let f: (U, t;) — (V, g;;) be a mapping. Then f is said to be JFg*sOM if f(Mi;) is
JFg*80 in (V, o) for every IFOS M in (U, 7).

Example 3.2. Let U= {e, f}, V= {g, b}, 7y = {0, Dy, 1}and o;; = {0, Ny, I} where My=={<e,
0.4, 0.6>, <f, 0.42, 0.58>} and J;={<g, 0.45, 0.55>, <b, 0.46, 0.54>}. Then (U,7;) and
(V,04) JFTSs. We define a mapping f: (U, t5) = (V,05) by f(e) =g and f(f) =b. Then f is
IFG*sOM.

Theorem 3.3. The following statements are true.

a) Every JFOM isan JFg*sOM.

b) Every IFsOM isan IFg*sOM.

c) Every IFaOM isan IFg*sOM.

d) Every JFYOM isan IFg*sOM.

e) EveryIFg*OM isan IFg*sOM.

f) Every IFg*sOM isan IFg*sOM.
Proof:
(@) Let f: (U, t5) — (V,05) be an JFCM . Let ; be an JFOS in (U, i). Since f is an JFOM,
f () is an IFO setin(V, gy;). Since every JFOS is an IFg* 808, f( i) is an IFG* 808 in(V, oy).
Hence f isan JFg*sOM.

The proofs for (b), (c), (d), (e) and (f) are similar because every JFs0, IFa0, IFPO, IFg*0, and
JFg*s0Ss are IFg*s0S.

Remark 3.4. The converse of the statements in the above theorem is not true. The examples below
confirm them clearly.
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Example 35. Let U= {e,f,a}, V= {b,1i}, vy = {0, M;;, 1} and o5 = {0, Ny;, 1} where M;={<e,
0.4, 0.6>, <f, 042, 0.58> <g, 0.41, 0.59 >} and Mz={<h, 0.45, 0.55>, <i, 0.46, 0.54>, <,
0.47, 0.53>}. Then (U, ;) and (V, g;;) are IFTSs. We define a mapping f: (U, ;) — (V, o35) by
f() =0, f(f) =1 and f(g) =i. Here, fis an IFg*80M but not an IFOM, because IFS M =
{<e 04, 0.6><7], 042, 0.58>,<g, 041, 0.59 >} is anJFOS in (U, ;) but f(M;) is not
an JFOS in (V, o).

Example 3.6. Let U= {e, f, 6}, V= {b,1,i}, 75 = {0, M;;, 1} and o = {0, Ny, 1} where My={<e,
0.22, 0.72>, <f, 0.25, 0.68>, < g, 0.3, 0.69 >} and 9t;={<h, 0.4, 0.6>, <i, 0.46, 0.54>, <j,
0.47, 0.53>}. Then (U, 1) and (V, o) are IFTSs. We define a mapping f: (U, 7;5) = (V, o) by
f) =5, f(H) =1 and f(g) =j. Then f is an IFg*sOM but not an IF8OM, since IFS M = {<
e, 0.22, 0.72 >,<7, 0.25, 0.68 >,<g, 0.3, 0.69 >} is an JFO set in (U, 1) but f (D) is an
JFg*80S and not an IF80S in (V, oy).

Example 3.7. LetU= {ef,a}, V= {b,1,i}, vy = {0, M;, 1} and o5 = {0, N5, 1} where My={<e,
0.5, 0.48>, <f, 0.6, 0.4> <g, 0.478 0.52 >} and 9t;={<bh, 0.46, 0.52>, <i, 0.34, 0.65>, <j,
0.42, 0.58>}. Then (U, t) and (V, o) are IFTSs. We define a mapping f: (U, ) = (V, o) by
f) =0, f(H) =1t and f(g) =1i. Then f is an IFZ*s0M but not an IFaOM, since IFS M;; = {<
e, 0.5, 048 >,<f, 0.6, 0.4>,<g, 0478 0.52 >} is an JFOS set in (U, ;) but f(M;) is an
JFg*s0S and not an IFa0S in (V, oy).

Example 3.8. Let U = {e, f, g}, V= {b,1,i}, 7y = {0, My, 1} and g3 = {0, Ny;, 1} where My={<e,
0.4, 0.6> <f, 0.3, 0.7>, <g, 0.28 0.71 >} and J;={<h, 0.41, 0.59>, <i, 0.34, 0.66>, <j,
0.32, 0.68>}. Then (U, 1) and (V, o) are IFTSs. We define a mapping f: (U, 1) = (V, 05) by
f) =0, f(H) =1 and f(g) =i. Then f is an IFg*s0M but not an IFYOM, since JFS M =
{<e 04, 0.6><f, 03, 0.7><g, 028 0.71 >} is an JFOS in (U,ty) but f(MW;) is an
JFg*80§ and not an IFYOS in (V, o).

Example 3.9. Let U = {e, f, g}, V= {b,1i}, vy = {0, My, 1} and o; = {0, Ny, 1} where My={<e,
0.45, 0.55>, <f, 0.6, 04>, <g, 0.5 04>} and 9;={<h, 0.4, 0.6>, <i, 03, 0.7>, <j,
0.2, 0.8>}. Then (U,ty3) and (V, o) are JFTSs. We define a mapping f: (U, t;) = (V, 05) by
fe)=9, f(H=1t and f(g) =i. Then f is an IFg*sOM but not an JFg*OM , since JFS
My; =={<e, 0.45, 0.55>, <f, 0.6, 0.4>, < g, 0.5 0.4 >} is an IFOS in (U, 7y) but f(Dy) is an
JFg*s80S and notan JFg*0S in (V, oy).

Example 3.10. Let U={e, f,a}, V={b,1,i}, 7y = {0, My, 1}and o; = {0, My, 1} where My={<e,
0.55, 0.20>, <f, 0.6, 04>, <g, 0.72 0.28 >} and M;={<h, 0.25, 0.75>, <i, 0.3, 0.7>, <j,
0.27, 0.73>}. Then (U, ;) and (V, o) are IFTSs. We define a mapping f (U, ) = (V,05) by
fe)=0, f(H =i and f(g) =i. Then f is an IFG*sOM but not an IFg*sOM , since JFS
M={<e, 0.55, 0.20>, <f, 0.6, 0.4> < g, 0.72 0.28 >} is an JFOS in (U, 7y) but f(M;) is an
JFg*s0S and notan JFg*80S in (V, oy).
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Remark. 3.11: JFg*sOM and IFgOM are independent. The examples given below testify it.

Example 3.12. Let U = {e, f, g}, V= {b,1,i}, 75 = {0, My, 1}and g = {0, Ny, 1} where My={<e,
0.3, 0.7>, <f, 04, 0.6> <g, 025 0.75>} and Nz={<b, 0.2, 0.78>, <i, 0.3, 0.7>, <j,
0.22, 0.78>}. Then (U, ty) and (V, oy;) are JFTSs. We define a mapping f: (U, t5) = (V, 05) by
f() =0, f(H) =1 and f(g) =i Then f(My) is an IFZ"80 set in (V, g;;) and not an IFZO set in
(V,04) where Mz = {<e, 03, 0.7 >,<f, 04, 0.6><g, 025 0.75>} is an JFOS set in
(U, 7). Therefore f isan JFg*80OM but not an IFgOM.

Example 3.13. Let U = {e, f, g}, V={b,1,i}, 7y = {0, My, 1} and g = {0, 9Ny, 1} where My={<e,
0.22, 0.78>, <f, 0.7, 0.3> <g, 0.35 0.65>} and N;={<h, 0.3, 0.7>, <i, 0.4, 0.6>, <,
0.37, 0.6>}. Then (U, ) and (V, o) are IFTSs. We define a mapping f (U, t;) = (V, 05) by
fe) =5, f(H =1 and f(g) =i. Then f(M;) is an IFZOS in (V,0;) and not an JFZ*s0S in
(V,03) where ;= {<e 0.22, 0.78 >,<f, 0.7, 0.3>,<g, 0.35 0.65>} is an JFOS in
(U, 7). Therefore f is an IFgOM but not an IFg*s0M.

The diagram below depicts the interrelationship of 7F g*sOM with some of the other 7ZFmappings.

IFaOM JFOM

N/
~— {gzr *som]x

I IF g* sOM / \ IFgs0M

Q*OM I IFYOM I

Figure 3.1

Theorem 3.14. If f:(U,t5) > (V,04) is an JFG'sOM then inty; (f~1(My)) S
f~1(g" sint; (M) for every IFS M of (V, ay7).
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Proof: Let M; be an IFS of (V,0y). Then inty; (f 1 (My)) is an IFOS in (U, 7y5). Since f is an
7T§*50M, f(lntlf (f_l(mtlf))) is an 17?'@*505 in (V, Gif)' And hence f(lntlf (f_l(imlf))) c
g sinty(f (f 71 (My))) € g"sinty(Wy). Thus intys (f (M) S f~1(G"sinti; (V).

Theorem 3.15. A mapping f: (U, ;) = (V, o) is an IFg*s0 iff for every IFOS M;; of (U, 7y),
f(inty (M) € g*sinty (f (D).

Proof: Necessity: Let f:(U,ty) — (V,04) be an IFg*s0M and M;; is an IFOS in (U, 7). Now
inty (M) = My which implies that f(int; (M) € fF(M) . Since f is an IFg sOM ,
f(intif (gﬁlf)) is 7?@*50 in (V, O-if) such that f(mtlf (EUtlf)) c f(i].nlf) Therefore f(lntlf (mlf) c
g sinty; (f ().

Sufficiency: Suppose that 9 is an JFOS of (U,ty) . Then f(My) = f(inty (M) €

@*antif (f(gﬁlf)) . But @*Mntﬁ (f(imlf)) c f(i].nlf) . Consequently f(i].nlf) = @*&'ntif (f(i].nlf)) =
f (M) is an IFg* 808 of (V, 0;;) and hence f is an IFg*s0M .

Theorem 3.16. A bijective mapping f: (U, 1) = (V,0y) is IFg"s0M iff for every IJFS 9t; of
(V,04) and for every JFCS Hj in (U, 7y) containing £~ (), there is an IFg*sCS My of (V, ay7)
such that SRIT c gﬁlf and f_l(ﬁmif) c j{lf

Proof. Necessity: Let 9t; be any JFS in (V,0y). Let Hy; be IFCS in (U, ty) such that f~1(Ry)
His, then :I-QTC is an JFOS in (U, t;). By given condition f(?-[ifc) is IFg*80S in (V,03). Let Mz =
(f(:l-[ifc))c, then My is an IFZ*sCS in (V,0) and N S M;, since for a bijective mapping
(f (H5 )= £ (@), Now £~ (W) = f7H(F (H))E = (F P3N € Hyr

Sufficiency: Let M be any JFOS in (U, t;7), then iIJtifC is an JFCS in (U, 1) and f‘l(f(imifc)) -
SUtifc. By given condition there exists an JFg*sCS 9 in (V, o) such that f(iIJtifC) c N and
FH(9) € M©. Hence N:° S F(My) € FF (T NC € FUO)))C € N:©. This implies
that £ (D)= 9. Since N;© is an IFG 808, f (W) is an IFG -80S in (V,05). Hence f is an
IFG*s0M.

Theorem 3.17. If f: (U, 1) = (V,05) isan JFOM and g: (V, o) = (W, ;) is IFg*80M then
go° f: ([U, Tif) d (W, lef) is JTQ*é(?M

Proof: Let M;; be an IFOS in (U, 7;7) Then by given condition, f (M) is IFOS in (V, g;).
Also given that g: (V, ;) = (W, 7n;) is an IFg*s0M . This implies g(f (D)) = (g o (D) is
JFg 808 in (W, n;). Hence g o f: (U, 75) = (W, ;) isan IFg*s0M.

Theorem 3.18. Let f: (U, ) = (V,05) and g: (V, o) = (W, 1;;) be two mappings and let g o
f:(U, 1) = (W,n;) be IFZ*80M. Then
(@) If g isirresolute and injective, then f is IFg*sOM.
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(b) If fis IFg" 8 — cont., surjective and (U, 7y) is an IFg"s space, then g is IFg*s0M.

Proof: (a) Let R be an IFOS in (U, ti7) . Then (g o £)(Ny) is IFG*s0 in (W, ;) and g~ ((g ©
) = fF(Ny) is IFg*s0 in (V, o) (since g is irresolute). Hence f is IFg*s0M.

(b) Let 3 be an JIFOS in (V, ;) Then f‘l(ﬂtif) is IFg*s0 in (U,t3) and (g ° f)(f‘l(i)tif)) =
g(My;), which is IFg*s0 in (W, n;) Hence g is IFg*s0M.

Theorem 3.19. A mapping f: (U, ) = (V,04) is an JFg" 80 mapping if f(g"sint; (M;)) S
g sints(f (M) for every M;; € (U, oy7).

Proof: Let My be an JFOS in (U, o). Then inty (M) = Py Now (M) = f(inty (V) €
f(@"sinty (M) € g"sintz(f (M), by hypothesis. But g*sint;(f (D)) € f (). Therefore
f (M) isan IFZ* 808 in (V, oi). Hence f is an 7Fg*s0 mapping.

Definition 3.20. An JFTS (U,7y) is called 7Fg*semi T*1, space (JFg*sT*12 space) if every

Theorem 3.21. A mapping f:(U,ts) = (V,04) is an IFg*s0 mapping iff  int;(f ~1 (M) S
[~ (int (M) for every Nz € (V, 055), where (V, g;;) is an IFgG* s T*12 space.

Proof: Necessary Part: Let 9t; € (V,05). Then f~1(9) € (U, ty5) and intis(f ~*(9Ny)) is an IFOS
in (U, t5). By Hypothesis, f(int;(f ~*(9;))) is an IFg*s0S in (V, g;;). Since (V,0y) is an IFG*s
T*12 space, f(intz(f~'(My)) ) is an IJFOS in (V,tz) . Therefore f(int;(f~1(Ny)) =
inty (f (ints(f 7' (Mg ) € inty FF1 O ))) S intyg (0 ). This implies  int;(f 1 (Ny)) €
£ Gnt(f T ()))) € £ (ints ().

Sufficient Part: Let 9t; be an JFOS in (U, t;;). Therefore int; (M) = Mz Then £(My) € (V, 735).
By hypothesis intz(f '(f (M) S f1(ints(F (M) . That is  intz(My ) S
int;(f “1(F (M) € fH(ints(F(My;))) . Therefore My € 1 (int;(f (M) . This implies
f@y) S U Hintg(f (D)) S inty(f (Vi) S £ (D) . Hence f(Myp) is an IFOS in (V, i)
and hence an JFg*80S in (V, oi). Thus f is an 7Fg*s0 mapping.
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