Journal of Shanghai Jiaotong University ISSN:1007-1172

Intuitionistic Fuzzy Almostp™G Closed Mappings

Sudha S.M." & Jayanthi D?
Department of Mathematics, Avinashilingam Institute for Home Science and Higher
Education for Women, Coimbatore, Tamil Nadu, India.

'sudhamaths2016@ gmail.comz'iayanthimathss @ omail.com
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1. Introduction

Open maps and closed maps are very interesting concepts in topology.Noiri [8] has
introduced semi-closed mappings which contain the class of closed mappings.Malghan [7]
has introduced generalized closed maps in topology.Seok Jong Lee and EunPyo Lee [9] have
introduced intuitionistic fuzzy open mapping and intuitionistic fuzzy closed mapping in
intuitionistic fuzzy topological spaces.Sudha and Jayanthi [10] introduced intuitionistic fuzzy
B™ generalized closed mappings in 2020 and now we have extend our idea towards
intuitionistic fuzzy almost B** generalized closed mappings, intuitionistic fuzzy almost
B*generalized open mappings. The interrelations with other already existing closed

mappings with our newly defined closed mapping have been established.
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2. Preliminaries
Definition 2.1: [1]An intuitionistic fuzzy set (IFS) A is an object having the form
A = { (X, Ha(X), va(x) ) : x € X}

where the functions ps : X — [0, 1] and va : X — [0, 1] denote the degree of membership
(namely pa(x)) and the degree of non-membership (namely va(x)) of each element x € X to
the set A respectively, and 0 <ua(x) + Va(x) < 1 for each x € X. Denote by IFS(X), the set of
all intuitionistic fuzzy sets in X. An intuitionistic fuzzy set A in X is simply denoted by A =

( X, Wa, Va) instead of denoting A = {{ x, La(X), Va(X) ) : x € X}.

Definition 2.2: [1]Let A and B be two IFSs of the form A = { { x, pa(X), Va(x) ) : x € X}
and B = { { x, u(x), vg(x) ) : x € X}. Then,

(a) A c B if and only if pa(x) <up(x) and va(x) 2vg(x) for all x € X,
(b) A=Bifandonlyif Ac B and A DB,

©  A"={{x,vak), pax)): x € X},

(d  AUB={{x uax) VUB(X), Va(X) AVB(X) ) : X € X},

(©  ANB={{x Rl AMB(X), VA W) ) 1 x € XJ.

The intuitionistic fuzzy sets 0- = ( x, 0, 1 ) and 1. = ( x, 1, 0 ) are respectively the

empty set and the whole set of X.

Definition 2.3: [2] An intuitionistic fuzzy topology (IFT) on X is a family T of IFSs in X

satisfying the following axioms :

@) 0., 1er,
(i1) G 1N Gyet for any Gy, GeT

(i)  UGiet for any family { Gj:ie J } <t

In this case the pair (X, 1) is called the intuitionistic fuzzy topological space (IFTS)
and any IFS in T is known as an intuitionistic fuzzy open set (IFOS) in X. The complement

A° of an IFOS A in an IFTS (X, 1) is called an intuitionistic fuzzy closed set (IFCS) in X.

Definition 2.4: [6] AnIFS A =(x, pa va) in an IFTS (X, 1) is said to be an
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1) intuitionistic fuzzy semi closed set (IFSCS) if int(cl(A)) € A,
(>i1) intuitionistic fuzzy pre closed set (IFPCS) if cl(int(A)) € A,

(iii) intuitionistic fuzzy regular closed set(IFRCS) if cl(int(A)) = A,

@iv) intuitionistic fuzzy o closed set (IFaCS) if cl(int(cl(A))) € A.
The respective complements of the above IFCSs are called their respective IFOSs.

Definition 2.5: [11]An IFS A of an IFTS (X, 1) is said to be an intuitionistic fuzzy B**
generalized closed set (IFB"GCS) if cl(int(cl(A))) Mint(cl(int(A))) < U whenever A ¢ U
and U is an IFOS in (X, 7).

The complement A® of an IFB"GCS A in an IFTS (X, 1) is called an intuitionistic
fuzzy B** generalized open set (IFpGOS) in X.

Result 2.6: [11] Every IFCS, IFRCS, IFSCS, IFPCS, IFBCS, IFaCS, IFGCS is an IFBGCS

but the converses may not true in general.

Definition 2.7: [12]A mapping f : (X, ©) — (Y, ©) is called an intuitionistic fuzzy p**
generalized continuous (IFp™*G continuous) mapping if f'(V) is an IFB*GCS in (X, 1) for
every IFCS V of (Y, o).

Definition 2.8: [14]An IFTS (X, 1) is an intuitionistic fuzzy p**pT,(IFp**pT,,) space if
every IFB**GCS is an IFPCS in X.

Definition 2.9: [14]An IFTS (X, 1) is an intuitionistic fuzzy p**gT;,; (IFp**gT ;) space if
every [FB**GCS is an IFGCS in X.

Definition 2.10: [9] Letp(, p) be an IFP of an IFTS (X, 7). An IFS A of X is called an
intuitionistic fuzzy neighbourhood(IFN) of p(, p)if there exists an IFOSB in X such that p,
peE B A.

Definition2.11:[5]Letp . gbeanlFPin(X,t). AnIFSAofXiscalled an intuitionistic fuzzy 3
neighbourhood (IFBN) of p(,p) if there exists an IFBOS B in X such that p,€ B SA.

Definition 2.12 :[3]An IFS A is said to be an intuitionistic fuzzy dense (IFD) in another IFS
B in an IFTS (X, 1), if cl(A) = B.
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Definition 2.13: [13]Let A be an IFS in an IFTS (X, 7). Then the B** generalized interior and

B generalized closure of A are defined as

B gint(A) = U { G/GisanIFp”GOS in X and G c A } and
B gcl(A) = m {K/KisanIF”GCSinX and A c K }

It is to be noted that for any IFS A in (X, 1), we have B*"g cl(A®) = (B""g int(A))" and
Bz int(A%) = (B"'g cl(A)".
Definition 2.14: [4]A mapping f : (X, T) — (Y, ©) is called an intuitionistic fuzzy closed
mapping (IFCM) if f(V) is an IFCS in Y for every IFCS V in X.

Definition 2.15: [6] Let f be a mapping from an IFTS (X, 1) into an IFTS (Y, o). Then f is

said to be an

(1) intuitionistic fuzzy pre closed mapping (IFPCM) if f(A) is an IFPCS in Y for
each IFCS A in X,

(i1) intuitionistic fuzzy a closed mapping (IFaCM) if f(A) is an [FaCS in Y for
each IFCS A in X,

(ili)  intuitionistic fuzzy semi closed mapping (IFSCM) if f(A) is an IFSCS in Y for
each IFCS A in X.

3.Intuitionistic Fuzzy Almost B~ Generalized Closed Mappings

In this section we have introduced intuitionistic fuzzy almost B** generalized closed
mappings, intuitionistic fuzzy almost ** generalized open mappings and investigated some

of their properties.

Definition 3.1 :A mapping f : (X, 1) — (Y, o) is calledan intuitionistic fuzzy almostp**
generalized (IF almost B**G) closed mapping if f(V) is an IFB**GCS in Y for every IFRCS
V of X.

Example 3.2 :Let X = {a, b}, Y = {u, v} and G; =(x, (0.3, 0.2p), (0.7,, 0.8v)), G2 =y, (0.8,
0.6y), (0.2, 0.4,)) and G3 = (y, (0.3,, 0.4,), (0.5,, 0.6,)). Then T={0-,Gy, 1.} and ¢ =
{0., Gy, G3, 1.} are IFTs on X and Y respectively. Define a mapping f : (X, T) — (Y, ©) by
f(a) = u and f(b) = v. Then f is an IF almost B**G closed mapping.
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Proposition3.3 : Every IF closed mapping is an IF almostf**Gclosed mapping but not

conversely in general.

Proof:Let f : (X, T) = (Y, ©) be an IF closed mapping. Let V be an IFRCS in X. Since every
IFRCS is an IFCS in X, V is an IFCS in X. Then f(V) is an IFCS in Y, by hypothesis. Since
every IFCS is an IFR**GCS, (V) is an IFB**GCS in Y. Hence f is an IF almostp**G closed

mapping.

Example 3.4 : Let X = {a, b}, Y = {u, v} and G; = (x, (0.3,, 0.2), (0.7,, 0.8y)), G» =y,
(0.8, 0.6y), (0.2, 0.4,)) and G5 = (y, (0.3, 0.4,), (0.5, 0.6y)). Then t={0-, G}, 1.} and 6 =
{0., Gy, G3, 1.} are IFTs on X and Y respectively. Define a mapping f : (X, T) — (Y, ©) by
f(a) = u and f(b) = v. Then f is an IF almost B**G closed mapping but not an IF closed
mapping, since G = (x, (0.7,, 0.8), (0.3,, 0.2,)) is an IFCS in X but f(G;°) is not an IFCS in
Y, as cl(f(G%)) = 1# f(G°).

Proposition 3.5 : Every IF semi closed mapping is an IF almost B**G closed mapping in (X,

T) but not conversely in general.

Proof :Let f : (X, T) = (Y, o) be an IF semi closed mapping. Let V be an IFRCS in X. Since
every IFRCS is an IFCS in X, V is an IFCS in X. Then f(V) is an IFSCS in Y, by hypothesis.
Since every IFSCS is an IFB**GCS, f(V) is an IFB**GCS in Y. Hence f is an IF almost
B**Gclosed mapping.

Example 3.6 : Let X = {a, b}, Y = {u, v} and G; =(x, (0.3,, 0.2), (0.7,, 0.8p)), G2 =y, (0.8,
0.6y), (0.2,, 0.4,)) and G3 = (y, (0.3,, 0.4,), (0.5,, 0.6,)). Then T={0_,Gy, 1.} and ¢ =
{0., Gy, G3, 1.} are IFTs on X and Y respectively. Define a mapping f : (X, T) — (Y, ©) by
f(a) = u and f(b) = v. Then f is an IF almost B**G closed mapping but not an IF semi closed
mapping, since G;° = (x, (0.7, 0.8y), (0.3,, 0.2,)) is an IFCS in X but f(G;°) is not an IFSCS
in Y, as int(cl(f(G;%))) = 1. f(G/°).

Proposition3.7 :Every IF pre closed mapping is an IF almostB**Gclosed mapping but not

conversely in general.
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Proof :Let f : (X, T) = (Y, ©) be an IF pre closed mapping. Let V be an IFRCS in X. Since
every IFRCS is an IFCS in X, V is an IFCS in X. Then f(V) is an IFPCS in Y, by hypothesis.
Since every IFPCS is an IFB**GCS, f(V) is an IFB**GCS in Y. Hence f is an IF almost

B**Gclosed mapping.

Example 3.8 : Let X = {a, b}, Y = {u, v} and G| = (X, (0.5,, 0.6), (0.5,, 0.4p)), G = (X, (0.4,,
0.3p), (0.64, 0.7p)), and G3 = (y, (0.6, 0.6,), (0.4,, 0.4,)). Then T = {0-, Gi, G2, 1.} and ¢ =
{0., G3, 1.} are IFTs on X and Y respectively. Define a mapping f : (X, 1) = (Y, ©) by f(a) =
u and f(b) = v. Then f is an IF almost B**G closed mapping, but not an IF pre closed since

G5 is an IFCS in X but f(G,") is not an IFPCS in Y, as cl(int(f(G;"))) = cl(G3) =1z f(G>°).

Proposition 3.9: Every IFa closed mapping is an IF almost B**Gclosed mapping but not

conversely in general.

Proof:Let f : (X, T) = (Y, o) be an [Faclosed mapping. Let V be an IFRCS in X. Since every
IFRCS is an IFCS in X, V is an IFCS in X. Then f(V) is an I[FaCS in Y, by hypothesis. Since
every IFaCS is an IFB**GCS, f(V) is an IFp**GCS in Y. Hence f is an IF almost
B**Gclosed mapping.

Example 3.10: Let X = {a, b}, Y = {u, v} and G; = (x, (0.3,, 0.2p), (0.7,, 0.8)), G2 =y,
(0.8, 0.6y), (0.2, 0.4,)) and G3 = (y, (0.3, 0.4,), (0.5, 0.6,)). Then T = {0-, Gy, 1.} and 6 =
{0., Gy, G3, 1.} are IFTs on X and Y respectively. Define a mapping f : (X, 7) — (Y, ©) by
f(a) = u and f(b) = v. Then f is an IF almost B**G closed mapping but not an IFa closed
mapping, since G, = (x, (0.7, 0.8p), (0.3,, 0.2,)) is an IFCS in X but f(G;°) is not an IFaCS
in'Y, as cl(int(cl(f(G%)))) = 1z f(G:°).

Proposition3.11 :Every IF} closed mapping is an IF almost B**G closed mapping but not

conversely in general.

Proof :Let f : (X, 1) — (Y, 6) be an IFfclosed mapping. Let V be an IFRCS is an IFCS in X,
V is an IFCS in X. Then f(V) is an IFBCS in Y by hypothesis. Since every IFBCS is an
IFR**GCS, f(V) is an IFB**GCS in Y. Hence f is an IF almost B**G closed mapping.

Example 3.12: Let X = {a, b}, Y = {u, v} and G, = (X, (0.4,, 0.4y), (0.6,, 0.6p)), G =(x,
(0.6, 0.6,), (0.4, 0.4,)), G3 = (y, (0.5,, 0.7,), (0.5, 0.3,)) and G4 = (y, (0.5, 0.6,), (0.5,
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0.4,)). Then T = {0-, Gy, Gy, 1.} and 6 = {0-, G3, G4, 1.} are IFTs on X and Y respectively.
Define a mapping f : (X, ©) — (Y, ©) by f(a) = u and f(b) = v. Then f is an IF almost B**G

closed mapping but not an IF} closed mapping, since G‘f = (X, (0.6,, 0.6p), (0.4,, 0.4,)) is an

IFCS in X but f( Gf ) is not an IFBCS in Y, as int(cl(int(f(G;%)))) = 1. f(G(°).

Proposition3.13 :Every IFf**G closed mapping is an IF almost B**G closed mapping but

not conversely in general.

Proof :Let f : (X, T) — (Y, ©) be an IFp**Gclosed mapping. Let V be an IFRCS is in X.
Since every IFRCS is an IFCS in X, V is an IFCS in X. Then f(V) is an IF**GCS in Y by

hypothesis. Hence f is an IF almost B**G closed mapping.

Example 3.14 :Let X = {a, b}, Y = {u, v}, G; =X, (0.2,, 0.2y), (0.5,, 0.8p)), G2 = (X, (0.2,
0.2,), (0.5,, 0.6,)) and Gs = (y, (0.5,, 0.8,), (0.2,, 0.2,)). Then T={0-, Gy, Gy, 1.} and 6 =
{0., G3, 1.} are IFTs on X and Y respectively. Define a mapping f : (X, 1) = (Y, ©) by f(a) =
u and f(b) = v. Then f is an IF almost B**G closed mapping but not an IFB**G closed
mapping, since G| = (x, (0.5, 0.8y), (0.2, 0.2)) is an IFCS in X but f(G‘f) 1S not an

IFB**GCS in Y, as f(G;°) < G3 whereas int(cl(int(f(G:°)))) N cl(int(cl(f(G°)))) = 1.« Gs.
The relation between various types of intuitionistic fuzzy closed mappings is given in

the following diagram. In this diagram ‘CM’ means closed mappings. The reverse

implications are not true in general in the below diagram.
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Definition 3.15:A mapping f : (X, T) — (Y, ©) is said to be an intuitionistic fuzzy almost
p** generalized (IF almost B**G) open mapping if f(A) is an IFp**GOS in Y for each
IFROS A in X.

Proposition3.16 :A bijective mapping f : (X, 1) — (Y, o) is an IF almost B**Gclosed
mapping if and only if the inverse image of each IFROS in X is an IF**GOSin Y.

Proof : Necessity :Let A be an IFROS in X. This implies A® is an IFRCS in X. Then f(A°) is
an IFB**GCS in Y, by hypothesis.Since f(A®) = (f(A))", for bijective mapping f(A) is an
IFR**GOS in Y.

Sufficiency :Let A be an IFRCS in X. Then A is an IFROS in X. By hypothesis f(A°) is
IFB**GOS in Y. Therefore f(A) is an IFB**GCS in Y. Hence f is an IF almost 3**G closed

mapping.

Proposition3.17 :Let p(q ) be an IFP in X. A mapping f : X — Y is an IF almost B**G open
mapping if for every IFOS A in X with {~ l(p(a,[?,)) € A, there exists an IFOS B in Y with p(q,
;€ B such that f(A) is IFD in B.

Proof :Let A be an IFROS in X. Then A is an IFOS in X. Let {~ 1(p(a,l3)) € A, then there exists
an IFOS B in Y such that pq.p€ B and cl(f(A)) = B. Since B is an IFOS, cl(f(A)) = B is also
an IFOS in Y. Therefore int(cl(f(A))) = cl(f(A)). Now f(A) < cl(f(A)) = int(cl(f(A))) <
cl(int(cl(f(A)))). This implies f(A) is an IFBOS in Y and hence an IFB*GOS in Y. Thus f is

an IF almost B**G open mapping.

Proposition3.18:Let f : X — Y be a mapping. Then f is an IF almost B*°G open mapping if
for each IFP p, pe Y and for each IFBOS B in X such that ' (pi, p) € B, Bel(f(B)) is an
IFBN of p, pye Y.

Proof : Let p p)e Y and let A be an IFROS in X. Then A is an IFBOS in X. By hypothesis
(P py) € A, that is pe, py) € f(A) inY and Bel(f(A)) is an IFBN of p(, gy in Y. Therefore
there exists an IFBOS B in Y such that pe, e B Pcl(f(A)). We have pe, pe f(A)
cBcl(f(A)). Now B = U{p, p)/ P € B} = f(A). Therefore f(A) is an IFBOS in Y and hence
an IFB**GOS in Y. Thus f is an IF almost B**G open mapping.
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Proposition3.19 :Let f : X — Y be a mapping. If f is an IF almost B**G closed mapping,
then B**gcl(f(A)) < f(cl(A)) for every IFBOS A in X.

Proof :Let A be an IFBOS in X. Then cl(A) is an IFRCS in X. By hypothesis f(cl(A)) is an
IFB**GCS in Y. Then B**gcl(f(cl(A))) = f(cl(A)). Now B**gcl(f(A)) cPf**gcl(f(cl(A))) =
f(cl(A)). That is B**gcl(f(A)) < f(cl(A)).

Corollary 3.20 : Let f : X — Y be a mapping. If f is an IF almost B**G closed mapping,
then B**gcl(f(A))c f(cl(A)) for every IFSOS A in X.

Proof :Since every IFSOS is an IFBOS, the proof directly follows from the Proposition 3.19.

Corollary3.21 : Let f : X =Y be a mapping. If f is an IF almost B**G closed mapping, then
B**gcl(f(A)) < f(cl(A)) for every IFPOS A in X.

Proof :Since every IFPOS is an IFBOS, the proof directly follows from the Proposition 3.19.

Proposition 3.22 : Let f : (X, 1) — (Y, ©) be a mapping. If f is an IF almost B**G closed
mapping, then B**gcl(f(A)) < f(cl(Bint(A))) for every IFBOS A in X.

Proof :Let A be an IFBOS in X. Therefore Bint(A) = A and cl(A) is an IFRCS in X. By
hypothesis, f(cl(A)) is an IFB**GCS in Y. Then B**gcl(f(A)) <P**gcl(f(cl(A))) = f(cl(A)) =
f(cl(Bin(A))).

Corollary 3.23 : Let f : X — Y be a mapping. If f is an IF almost B**G closed mapping,
then B**gcl(f(A)) < f(cl(Bint(A))) for every IFSOS A in X.

Proof :Since every IFSOS is an IFBOS, the proof directly follows from the Proposition 3.22.

Corollary 3.24 : Let f : X — Y be a mapping, If f is an IF almost B**G closed mapping,
then B**gcl(f(A)) < f(cl(Bint(A))) for every IFPOS A in X.

Proof : Since every IFPOS is an IFBOS, the proof directly follows from the Proposition 3.22.

Proposition 3.25 : Let f : (X, T) = (Y, ©) be a bijective mapping. Then the following are

equivalent.
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@) f is an IF almost B**G open mapping.
(i)  fisan IF almost B**G closed mapping.

(i)  f'isan IF almost B**G continuous mapping.
Proof :(i) © (ii) is obvious as for a bijective mapping, f(A°) = f(A)".

(ii) = (iii) Let A < X be an IFRCS. Then by hypothesis, f(A) is an IFB**GCS in Y.
That is (f)™' (A) is an IFR**GCS in Y. This implies f~ is an IF almost B**G continuous
mapping.

(iii)) = (ii) Let A < X be an IFRCS. Then by hypothesis, (f 1)_1 (A) is an IFB**GCS
in Y. That is f(A) is an IFB**GCS in Y. Hence f is an IF almost f**G closed mapping.

REFERENCES :
[1] Atanassov, K. Intuitionistic fuzzy sets, Fuzzy Sets andSystems, 12, 1986, 8§7-96.

[2] Coker, D., An introduction to intuitionistic fuzzy topological spaces, Fuzzy Setsand
Systems, 88,1997, 81-89.

[3] Coker, D. and Demirci, M., On intuitionistic fuzzy points, Notes on Intuitionistic
Fuzzy Sets, 1, 1995, 79-84.

[4] Gurcay, H., Coker, D. and Hayder, Es, A., On fuzzy continuity in
intuitionistic

fuzzytopologicalspaces, TheJournaloffuzzyMathematics,5,1997,365-378.

[5] Jayanthi, D., Intuitionistic fuzzy generalized beta closed sets, International
Journal of Advance Foundation and Research in Science and Engineering, 1,

2014,39-44.

[6] JoungKonJeon., Young Bae JunandJin Han Park., Intuitionistic fuzzy alpha-
continuity and intuitionistic fuzzy pre continuity, International Journal of
Mathematics and Mathematical Sciences, 2005, 3091-3101.

[7] Malghan, S.R., Generalized closed maps, J. Karnataka Univ. Sci., 27, 1982, 82-
88.

[8] Noiri, T., A Generalization of closed mappings, Atti. Accad. Naz. Lincei Rend. CL
Sci. Fis. Mat. Natur., 54, 1973, 412-415.

Volume 16, Issue 9, September - 2020 https://shjtdxxb-e.cn/ Page No: 905



Journal of Shanghai Jiaotong University ISSN:1007-1172

[9] Seok Jong Lee andEunPyolee.,The Category of intuitionistic fuzzy
topological spaces, Bull.Korean Math. Soc., 37, 2000, 63-76.

[10] Sudha S.M., and Jayanthi, D.,Intuitionistic Fuzzy p** Generalized Closed
Mappings, Journal of Information and Computational Science, 10, 2020, 823-838.

[11]  Sudha, S. M., and Jayanthi, D.,** Generalized Closed Sets inIntuitionistic Fuzzy
Topological Spaces, Advances in Mathematics: Scientific Journal 9,2020, 667-677.

[12] Sudha, S.M., and Jayanthi, D.,Intuitionistic fuzz ** oeneralized continuous
y g

functions, Malaya Journal of Matematik, 2020, 227-230..

[13] Sudha, S.M., and Jayanthi, D.,Intuitionistic Fuzzy Almost P** Generalized
Continuous Mappings, Advances in Fuzzy Mathematics, 15(1), 2020, 13-19.

[14] Sudha, S.M., and Jayanthi, D., Intuitionistic fuzzy B** generalized irresolute

mappings with separation axioms (submitted).

Volume 16, Issue 9, September - 2020 https://shjtdxxb-e.cn/ Page No: 906



