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Abstract

The major goal of this work is to introduce the concepts of Intuitionistic Pre * Open maps,
Intuitionistic Pre * Closed maps and their contra versions in ITS using the concepts of

Intuitionistic Pre * Open and Intuitionistic Pre * Closed sets. Further we give characterization for
these maps and discuss the relationship with other known intuitionistic maps. Also we find the
equivalent conditions for Intuitionistic Pre * Open maps. We continue to look into the
connection to Intuitionistic Pre open maps and Intuitionistic Regular * open maps in ITS.
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1. Introduction

In 1996, D. Coker [1] introduced the concept of intuitionistic sets and also he has introduced
the concept of intuitionistic topological spaces. In 2016 G. Sasikala and M. Navaneethakrishnan
[4] defined intuitionistic Pre open sets in intuitionistic topological spaces. We [5] gives the
definition of intuitionistic pre * open sets in intuitionistic topological spaces.

In this study, we define intuitionistic pre * Open maps, intuitionistic pre * Closed maps and
their contra versions. We also demonstrate that the intuitionistic pre * open map is intermediate
between intuitionistic open and intuitionistic pre open maps.
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2. Preliminaries

Definition - 2.1. Let X be a non-empty set, an intuitionistic set (IS in short) A is an object
having the form A = <X,A;,A,>, where A; and A; are subsets of X satisfying A; N A, =¢. The

set A; and A, are called the set of members of A and set of non-members of A respectively.

Definition - 2.2. Let X be a non-empty set, A = <X,A;,A,> and B = <X,B1,B,> be an IS’s and
let {A; : i € J} be arbitrary family of IS’s, where A = <X,A;,A,>. Then the followings are hold.

a) AcBiffA; < Biand A, 2 B,.

by A=Biff Ac Band A 2 B.

c) A°=<X,A;A;>is called the complement of A and A° is also denoted by X — A.

d) UA =<X,U Aj;,N Ap>.

e) NA=<X,nAi,UA;p>.

f) A-B=AnNB"

9) ¢ =<X,pX>and X, = <X.X,p>.

Definition - 2.3. Let X be a non-empty set and 7,7 be the family of intuitionistic sets of X then
7 is called an intuitionistic topology (1T in short) on X if it is satisfying the following axioms:

1) X|, C.l')| & TIT.
2) ANB errforeveryA B € 1.
3) U A; € 1y for any arbitrary family {A; : i € J} < 17

The pair (X,Ty7) is called intuitionistic topological space (ITS in short) and IS in t;7 is known as
the intuitionistic open set (10S in short) in X, the complement of the 10S is called the
intuitionistic closed set (ICS in short) in X.

Definition - 2.4. (X,T;7) be an ITS and A be a IS in X then A is said to be intuitionistic

generalized closed (lg- closed in short) set if Icl(A) < U whenever A < U and U is 10S in X.
The complement of the Ig — closed set is called the Ig- open setin X.
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Definition - 2.5. Let (X,T7) be an ITS and A be a IS in X then intuitionistic generalized closure
of A is defined as the intersection of all Ig — closed sets in X containing A and is denoted by
IcI*(A). (i.e) IcI*(A) =N {G : G is an Ig- closed set in X and A < G}.

Definition - 2.6. Let (X,T7) be an ITS and A be an intuitionistic set then
a) A is intuitionistic pre open (IPO) setin X if A < lint(Icl(A)).
b) A is intuitionistic pre * open (IP*O) set in X if A < lint(Icl*(A)).
¢) A isintuitionistic regular * open (IR*O) setin X if A = lint(Icl*(A)).
The complement of the IPO, IP*O and IR*O sets are called the IPC, IP*C and IR*C sets in X.

Definition - 2.7. Let (X,Ti7) be an ITS and A be a IS in X then the intuitionistic interior operator
of A (lint(A) in short) and intuitionistic closure operator of A (Icl(A) in short) are defined by:
lint(A) = U {G : G isan10Sin X and A 2 G}.
Icl(A)=N {G : G isanICSin X and A c G}.

Theorem - 2.8. Let (X, Ty7) be an ITS then the followings are hold.
a) Every IO setis IP*O set.
b) Every IP*O set is IPO set.
c) Every IR*O setis IP*O set.

Theorem - 2.9. Let (X, Ty7) be an ITS and A and Bbe a IS of X then the followings are hold.
a) lint(¢py) = dyand lint(X)) = X,.
b) Aisan IOS iff A = lint(A).
¢) A c B then lint(A) < lint(B).
d) lint(A N B) = lint(A) N Tint(B).
e) lint(A U B) 2 lint(A) U lint(B).
f) Icl(d) = prand Icl(X)) = X,.
g) Aisan ICSiff A = Icl(A).
h) A < B then Icl(A) < Icl(B).
i) Icl(AN B) < Icl(A) N Icl(B).
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i) Icl(A U B) = Icl(A) U Icl(B).

Theorem - 2.10. Let (X,T;7) be an ITS and A and B be a IS of X then the followings are hold.
a) IP*int(d)) = ¢yand IP*int(X)) = X|.
b) If A is IP*- open set then A = IP*int( A).
¢) A c B then IP*int(A) < IP*int(B).
d) 1P*cl(¢)) = d,and IP*cl(X) = X,.
e) If Ais IP*- closed set then A = IP*cl(A).
f) A < B then IP*cl(A) < IP*cl(B).

Theorem - 2.11. Let (X,Ty7) be an ITS and A be a IS of X then the followings are hold.
a) lint(X —A) =X — Icl(A) and Icl(X — A) = X — lint(A).
b) IP*int(X — A) = X — IP*cl(A) and IP*cl (X — A) = X — IP*int(A).

Theorem - 2.12. Letf: X — Y is said to be
a) |- continuous map if (V) is 10 setin X for every IO set Vin Y.
b) 1P*- continuous map if f*(V) is IP*O set in X for every IO set V in Y.
c) IP*- irresolute map if (V) is IP*O set in X for every IP*O set V in Y.
d) I- open map if f(U) is 10 setin Y forevery 10 set U in X .
e) IP-open map if f(U) is IPO setin Y for every IO set U in X .
f) IR*- open map if f(U) is IR*O setin Y for every IO set U in X .
g) |- closed map if f(U) is IC set in Y for every IC set U in X .
h) IP- closed map if f(U) is IPC setin Y for every IC set U in X .
i) IR*- closed map if f(U) is IR*C setin Y for every IC set U in X .
j) Contra I- open map if f(U) is IC set in Y for every IO set U in X .
k) Contra IP- open map if f(U) is IPC setin Y for every IO set U in X .
[) Contra IR*- open map if f(U) is IR*C setin Y for every 10 set U in X .
m) Contra |- closed map if f(U) is 10 set in Y for every IC set U in X .
n) Contra IP- closed map if f(U) is IPO setin Y for every IC set U in X .
0) Contra IR*- closed map if f(U) is IR*O set in Y for every IC set U in X .

3. Intuitionistic Pre * Open Maps
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Definition — 3.1. A map f from ITS (X,Ti7) into another ITS (Y,0y7) is called Intuitionistic Pre *
Open (in short IP*- Open) Map if f(M) is IP*O set in Y for each 10 set M in X.

Definition — 3.2. A map f from ITS (X,T;7) into another ITS (Y,oyr) is called Contra
Intuitionistic Pre * Open Map if f(M) is IP*C set in Y for each 10 set M in X.

Example — 3.3. Let X = {a,b,c} and Y = {1,2,3}. Consider the IT’s T;1 = {X;,¢1,<X,{a}.{b,c}>,
<X {ac}{b}>} and o;r = {Y,0,<YV.{1}{3}>,<YV {3}.{1.2}>,<V {1,3},d>} then IP*O(Y) =

{YLd,< ¥V {1}.{3}> <Y {1},d> <V {1}.{2,3}> <V {3} .{1,2}> <Y {1,3},b> <Y {1,3},{2}>}.
Let f: (X,ur) — (Y,o17) be a map defined by, f(a) = 1, f(b) = 2, f(c) = 3. Here, (X)) = Y, f(¢)) =
¢y, f(<X {a}{b,c}>) = <V {1}{2,3}> and f(<X {a,c}.{b}>) = <V {1,3},{2}> are IP*O sets in
Y. Therefore, f is IP*- open map.

Example — 3.4. Let X = {a,b,c} and Y = {1,2,3}. Consider the IT’s Tt = {X,,d;,<X,{a}.{b,c}>}
and o = {Y.0,<YV {2}.{1,3}><YV {3}{1,2}> <V {2,3}{1}>} then IP*C(Y) = {Y.d\,
<Y {1,3}{2}>,<V {1,2}.{3}>,<Y {1} {2,3}>}. Let f : (X,u1) — (Y,oi7) be a map defined by,
f(a) = 1, f(b) = 3, f(c) = 2. Here, f(X,) = Y, f(¢) = d, and f(<X {a}.{b,c}>) = <V {1}{2,3}> are
IP*C sets in Y. Therefore, f is Contra IP*- open map.

Theorem — 3.5. Let (X,Ti7) and (Y,0y7) be an ITS then the followings are hold.

a) Every I- Open map is IP*- Open map.

b) Every IR*- Open map is IP*- Open map.

c) Every IP*- Open map is IP- Open map.

d) Every Contra I- open map is Contra IP*- open map.

e) Every Contra IR*- open map is Contra IP*- open map.

Proof: (a) Suppose a map f: (X,tir) — (Y,or7) is |- open map. Let M be any 10 set in X then
f(M) is 10 set in Y. Since, every 10 set is IP*O set. Therefore, f(M) is IP*O in Y. Hence, f is IP*-
Open map.
(b) Suppose a map f : (X,ti1) — (Y,oi7) is IR*- open map. Let M be any 10 set in X then f(M) is
IR*O set in Y. Since, every IR*O set is IP*O set. Therefore, f(M) is IP*O in Y. Hence, f is IP*-
Open map.
(c) Suppose a map f : (X,tir) — (Y,o17) is IP*- open map. Let M be any 10 set in X then f(M) is
IP*O set in Y. Since, every IP*O set is IPO set. Therefore, f(M) is IPO in Y. Hence, f is IP- Open
map.
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(d) Suppose a map f : (X,tr) — (Y,0i7) is Contra I- open map. Let M be any 10 set in X then
f(M) is IC set in Y. Since, every IC set is IP*C set. Therefore, f(M) is IP*C in Y. Hence, f is
Contra IP*- open map.

(e) Suppose a map f : (X,tr) — (Y,oi7) is Contra IP*- open map. Let M be any 10 set in X then
f(M) is IP*C set in Y. Since, every IP*C set is IPC set. Therefore, f(M) is IPC in Y. Hence, f is
Contra IP- open map.

The converse of the above theorem need not be true as shows in the following example.

Example — 3.6. In example — 3.3, f is IP*- open map. But f(<X,{a}{b,c}>) = <V {1}.{2.3}>
and f(<X,{a,c}{b}>) = <V {1,3},{2}> are does not belongs to or. Therefore, f is not a I- open
map.

Example — 3.7. In example — 3.3, IR*O(Y) = {Y.,bi,< Y {1}{3}><V {3}.{1,2}>}. f is IP*-
open map. But f(<X {a}.{b.c}>) = <V {1}{2,3}> and f(<X {a.c}{b}>) = <V {1,3},{2}> are
does not belongs to IR*O(Y). Therefore, f is not an IR*- open map.

Example — 3.8. Let X = {1,2,3} and Y = {a,b,c}. Consider the IT’s T;r = {X;,01,<X,{1,3},d>,
<X {13}{2)>) and o = {Yidi<V {a}{b}> <V {b}.{c}><V {ab}.d><V,b.{b,c}>} then
IP*O(Y) = {Y1L01,<¥,d,{b,c}><Y {a,b},d> <Y {a},{b}> <Y {b}{c}> <Y {a} {b.c}>,
<Y {a,b},{c}>} and IPO(Y) = {Y.di, <Y,b{b,c}><Y {ab}d><Y {a}{o}> <Y {b}{c}>
<Y {a},{c}><¥ {a}{b.c}><¥ {ab}{c}><Y {ac},{b}> <Y b {c}> <Y {a},d> <Y {ac}d>}.
Let f: (X,ur) — (Y,o17) be a map defined by, f(1) = ¢, f(2) = b, f(3) = a. Here, (X)) = Y, f(¢d)) =
¢y, f(<X {1,3}.d>) = <¥ {ac},d>and f(<X,{1,3}{2}>) = <V {a,c}.{b}> are IPO sets in Y but
f(<X,{1,3},d>) and f(<X,{1,3},{2}>) are not a IP*O set in Y. Therefore, f is IP- open map but
not IP*- open map.

Example — 3.9. Let X = {1,2,3} and Y = {a,b,c}. Consider the IT’s Tt = {X|,(1)|,<X,{3},{1,2}>}
and o;r = {Y,,0,<Y {a}{c}> <V {c}{ab}><Y {ac},d>} then IC(Y) = {Y,b.<Y {c}{a}>
<Y {ab},{c}><V.p.{ac}>} and IP*C(Y) = {Y.p<V,P{a}><V,p,{ac}><Y {c}{a}>,
<y {b,c}{a}> <Y {b}{ac}> <Y {ab}{c}>}. Letf: (X,ur) — (Y,oir) be a map defined by, f(1)
=a, f(2) = ¢, f(3) = b. Here, f(X)) = Y, f(d) = ¢y and (<X {3},{1,2}>) = <Y {b}{a,c}> are
IP*C sets in Y but f(<X,{3},{1,2}>) is not a IC set in Y. Therefore, f is Contra IP*- open map but
not a Contra |- open map.

16264

S JFANS

( International lournnl of
Food And Nutritional § cioncos



IJFANS INTERNATIONAL JOURNAL OF FOOD AND NUTRITIONAL SCIENCES

RCNEET(O T M OCRO l RISN NSNS [ CRRENETaVEs UG C CARE Listed (Group -1) Journal Volume 11, Iss 12, 2022

Example — 3.10. In example — 3.9, IR*C(Y) = {Y,b1,<Y,{c}.{a}> <Y {a,b}.{c}>}. Here, f(X)) =
Yy, f(d) = ¢y and f(<X,{3}.{1,2}>) = <V {b}.{a,c}> are IP*C sets in Y but f(<X {3},{1,2}>) is
not a IR*C set in Y. Therefore, f is Contra IP*- open map but not a Contra IR*- open map.

Theorem —3.11. A map f: (X,uir) — (Y,o17) is a IP*- open map iff f(lint(A)) < IP*int(f(A)) for
every ISA in X.

Proof: Let f be IP*- open map and A be any IS of X. Since, lint(A) is 10 set in X then f(lint(A))
is IP*O set in Y. Therefore, f(lint(A)) = IP*int(f(lint(A))) < IP*int(f(A)). Conversely, Let A be
any 10 set in X then A = lint(A). By our assumption, f(A) = f(lint(A)) < IP*int(f(A)). Also
IP*int(f(A)) < f(A). Therefore, f(A) is IP*O set in Y. Hence f is IP*- open map.

Theorem — 3.12. Let (X,Ti7) and (Y,0y7) be an ITS in which every IP*O set is 10S. Then f :
(X, ur) — (Y,o17) is a IP*- open map iff f(IP*int(A)) < IP*int(f(A)) for every IS A in X.

Proof: Let f be IP*- open map and A be any IS of X. Since, IP*int(A) is IP*O set in X. By
hypothesis, IP*int(A) is 10 set in X then f(IP*int(A)) is IP*O set in Y. Therefore, f(IP*int(A)) =
IP*int(f(IP*int(A))) < IP*int(f(A)). Conversely, Let A be any 10 set in X then A is IP*O set in
X. Therefore, A = IP*int(A). By our assumption, f(A) = f(IP*int(A)) < IP*int(f(A)). Also
IP*int(f(A)) < f(A). Therefore, f(A) is IP*O set in Y. Hence f is IP*- open map.

Theorem — 3.13. Let (X,t7), (Y,or7) and (Z, ) be three ITS, f: (X,17) — (Y,0i7) be a surjection
map and g : (Y,oi1) — (Z,ui7) be any map then the followings are hold,

a) If gofis IP*- open map and f is I- continuous map then g is IP*- open map.
b) If gofis I- continuous map and f is IP*- open map then g is IP*- continuous map.

c) If gofis IP*- continuous map and g is I- open map then f is IP*- continuous map.

Proof: (a) Let M be any 10 set in Y. Since, f is I- continuous then f*(M) is 10 set in X. Since gof

is IP*- open map then (gof)(f*(M)) is IP*O set in Z. Therefore g(f(f*(M))) = g(M) is IP*O set in
Z. Hence, g is IP*- open map.
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(b) Let M be any 10 set in Z. Since, gof is I- continuous map then (gof)™(M) is 10 set in X.

Since f is IP*- open map then f((gof)™*(M)) = f(F*(g™*(M))) = g*(M) is IP*O setin Y. Hence, g is
IP*- continuous map.

(c) Let M be any 10 set in Y. Since, g is |- open map then g(M) is 10 set in Z. Since gof is IP*-

continuous map then (gof)*(g(M)) = f1(g™*(g(M))) = f*(M) is IP*O set in X. Hence, f is IP*-
continuous map.

Theorem — 3.14. Let (X,t7), (Y,o17) and (Z,u7) be three ITS, f: (X,17) — (Y,or) and g : (Y, 07)
— (Z,u7) be any map then the followings are hold,

a) Iffis - open map and g is IP*- open map then gof is IP*- open map.
b) If fand g are I- open map then gof is IP*- open map.

c) If gofis IP*- open map and g is injective IP*- irresolute map then f is IP*- open map.

Proof: (a) Let M be any 10 set in X. Since f is I- open map then f(M) is 10 set in Y. Since, g is
IP*- open map. Therefore g(f(M)) = gof(M) is IP*O set in Z. Hence, gof is IP*O map.

(b) We know that, the composition of two I- open maps is again I- open map. Therefore, gof is
I- open map. By theorem — 3.5. (a), gof is IP*- open map.

(c) Let M be any 10 set in X. Since, gof is IP*- open map then (gof)(M) is IP*O set in Z. Since,
g is IP*- irresolute map then g™(g(f(M))) = g(M) is IP*O set in Y. Hence, f is IP*- open map.

4. Intuitionistic Pre * Closed Maps

Definition — 4.1. A map f from ITS (X,T/7) into another ITS (Y,0y7) is called Intuitionistic Pre *
Closed Map if f(M) is IP*C set in Y for each IC set M in X.

Definition — 4.2. A map f from ITS (X,T;1) into another ITS (Y,op7) is called Contra
Intuitionistic Pre * Closed Map if f(M) is IP*O set in Y for each IC set M in X.

Example — 4.3. Let X = {a,b,c} and Y = {1,2,3}. Consider the IT’s Tir = {X..d,<X,{a},{b.c}>,
<X {ac}{b}>} and o = {Y.b,<V {1}{3}><V {3}.{1,2}><Y {1,3},d>} then IC(X) =
KXo <X {o}{ack><X{bcr{a}>} and IP*C(Y) = {Yi.0,<V {3}{1}><V..{1}>,
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<Y {2,3}{1}> <Y {1,2}{3}> <V, 0 {1,3}> <V {2} {1,3}>}. Let f : (X,u1) — (Y,o17) be a map
defined by, f(a) = 1, f(b) = 2, f(c) = 3. Here, (X)) = Y), f(d) = dn, f(<X,{b.c}H{a}>) =
<Y {2,3},{1}> and f(<X {b}{ac}>) = <Y.{2}.{1,3}> are IP*C sets in Y. Therefore, f is IP*-
closed map.

Example — 4.4. Let X = {a,b,c} and Y = {1,2,3}. Consider the IT’s T;r = {X,,d,,<X {a}.{b.c}>}
and o = {Yudy<V {2}{1,3}>,<V {3}{1,2}>,<V {2,3}{1}>} then ICQR) = {X,bu,
<X {b,c}.{a}>} and IP*O(Y ) = o7 Let f : (X,ur) — (Y,ci7) be @ map defined by, f(a) = 1, f(b) =
3, f(c) = 2. Here, f(X)) = Y, f({)) = ¢ and f(<X {b,c}{a}>) = <Y ,{2,3},{1}> are IP*O setsin Y.
Therefore, f is Contra IP*- closed map.

Theorem —4.5. Let (X, Tir) and (Y,07r) be an ITS then the followings are hold.
a) Every I- Closed map is IP*- Closed map.
b) Every IR*- Closed map is IP*- Closed map.
c) Every IP*- Closed map is IP- Closed map.
d) Every Contra I- closed map is Contra IP*- closed map.
e) Every Contra IR*- closed map is Contra IP*- closed map.

Proof: Proof is similar to Theorem — 3.5.

The converse of the above theorem need not be true as shows in the following example.

Example — 4.6. In example — 4.3, IC(Y) = {Y,,d,< Y.{3}.{1}><V {1,2}.{3}> <V, d.{1,3}>}.
Clearly, f is IP*- closed map. But f(<X,{b,c}{a}>) = <V {2,3},{1}> and f(<X,{b}{ac}>) =
<Y {2},{1,3}> are does not belongs to IC(Y). Therefore, f is not a I- closed map.

Example — 4.7. In example — 4.3, IR*C(Y) = {Y.,01,<Y ,{3},{1}>,<Y {1,2}.{3}>}. Clearly, f is
IP*- closed map. But f(<X,{b,c}{a}>) = <Y ,{2,3},{1}> and f(<X {b}{a,c}>) = <V, {2}.{1.3}>
are does not belongs to IR*C(Y). Therefore, f is not an IR*- closed map.

Example — 4.8. Let X = {1,2,3} and Y = {a,b,c}. Consider the IT’s T|r = {X|,(1)|,X,{1,3},d)>,
<X {1,3}{2}>} and o = {Y.d,<¥ {a},{b}> <V {b}{c}> <Y {ab},d><Y,p{b,c}>} then
IC(X) = {Xid< X,p{1,3><X {2},{13}>}, IP*C(Y) = {Yi.di<¥ {bc}.Pp><Y,dp{ab}>,
<Y {b}{a}><Y {c}{b}> <Y {bc}{a}><¥ {c}{ab}>} and IPC(Y) = {Y.d<¥ {b.c}d>,
<Y,d,{a,b}><Y {b}{a}> <Y {c}.{b}><V {c}.{a}> <V {b.c}{a}><Y {c}{ab}> <Y {b}{ac}
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> <Y {c},d> <Y, b {a}><Y.Pp {ac}>}. Let f: (X,ur) — (Y.our) be a map defined by, f(1) = c,
f(2) = b, f(3) = a. Here, f(X)) = Y., f(b) = b, (<X,b{L,3}>) = <V, b.{ac}> and

f(<X,{2}.{1,3}>) = <Y {b},{a,c}> are IPC sets in Y but f(<X,d,{1,3}>) and f(<X,{2},{1,3}>)
are not a IP*C set in Y. Therefore, f is IP- closed map but not IP*- closed map.

Example —4.9. Let X = {1,2,3} and Y = {a,b,c}. Consider the IT’s T;r = {X,,d,<X,{3}.{1,2}>}
and o1 = {Y,,0,<Y.{a},{c}> <Y {c}{ab}> <Y {ac},d>} then IP*O(Y) = {Y.\,<Y {a}.d>,

<Y {a,c},d> <Y {a}{c}> <Y {a},{b,c}> <Y {ac}{b}> <V {c}{ab}>} Let f : X7 —
(Y,or) be a map defined by, f(1) = a, f(2) = ¢, f(3) = b. Here, f(X)) = Y, f(d) = ¢ and
f(<X,{1,2}{3}>) = <Y {a,c},{b}> are IP*O sets in Y but f(<X,{1,2},{3}>) isnot a IO set in Y.
Therefore, f is Contra IP*- closed map but not a Contra I- closed map.

Example — 4.10. In example — 4.9, IR*C(Y) = {Y,b1,<Y {a},{c}>,<Y {c}.{a,b}>}. Here, f(X|) =
Yy, f(d) = ¢y and (<X {1,2},{3}>) = <Y {a,c},{b}> are IP*O sets in Y but f(<X,{1,2},{3}>) is
not a IR*O set in Y. Therefore, f is Contra IP*- closed map but not a Contra IR*- closed map.

Theorem —4.11. Amap f: (X,tr) — (Y,o17) is a IP*- closed map iff IP*cl(f(A)) < f(Icl(A)) for
every ISA in X.

Proof: Let f be IP*- closed map and A be any IS of X. Since, Icl(A) is IC set in X then f(Icl(A))
is IP*C set in Y. Therefore, IP*(f(Icl(A))) = f(Icl(A)). i.e), IP*cI(f(A)) < f(Icl(A)). Conversely,
Let A be any IC set in X then A = Icl(A). By our assumption, IP*(cl(f(A)) < f(Icl(A)) = f(A).

Also, f(A) < IP*cl(f(A)). Therefore, f(A) = IP*cl(A). i.e), f(A) is IP*C set in Y. Hence f is IP*-
closed map.

Theorem — 4.12. Let (X,Ty7) and (Y,0y7) be an ITS in which every IP*C set is IC set. Then f :
(X,ur) — (Y,017) is a IP*- closed map iff IP*cl(f(A)) < f(IP*cl(A)) for every IS Ain X.

Proof: Let f be IP*- closed map and A be any IS of X. Since, IP*cI(A) is IP*C set in X. By
hypothesis, IP*cl(A) is IC set in X then f(IP*cI(A)) is IP*C set in Y. Therefore,

IP*cl(f(IP*cl(A))) = f(IP*cl(A)). Hence, IP*cl(f(A)) < f(IP*cl(A)). Conversely, Let A be any IC
set in X then A is IP*C set in X. Therefore, A = IP*cl(A). By our assumption, IP*cl(f(A)) <
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f(IP*cl(A)) = f(A). Also IP*cl(f(A)) 2 f(A). Therefore, f(A) is IP*C set in Y. Hence f is IP*-
closed map.

Theorem — 4.13. Let (X,T7) and (Y,0y7) be an ITS and f : (X,tir) — (Y,oi7) be a bi ection map
then the following statements are equivalent.

a) fis IP*- continuous map.
b) flis IP*- open map.
c) flis IP* closed map.

Proof: (1) = (2), Let M be any 10 set in Y. Since, f is IP*- continuous. Therefore, f*(M) is IP*O
setin X. Hence, ' is IP*- open map.

(2) = (3), Let M be any IC set in Y then M® is 10 set in Y. Since f* is IP*- open map then f*(M°)
= [f1(M)]® is IP*O set in X. Therefore, (M) is IP*C set in X. Hence, f* is IP*- closed map.

(3) = (1), Let M be any IC set in Y. Since f* is IP*- closed map then f!(M) is IP*C set in X.
Hence f is IP*- continuous map.

5. Conclusions

We discussed the IP*- Open maps, IP*- Closed maps and their contra versions in this paper.
We intend to conduct research in the future on Per IP*- Open maps, Pre IP*- Closed maps, Super
IP*- Open maps and so on.
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