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Abstract

In this paper we introduced many new concepts all of these concepts completely
depended on the concept of feebly open set. The main concepts which introduced in
this paper are minimal f-open and maximal f-open sets. Also new types of

topological spaces introduced which called T¢ min and T¢ max Spaces. Besides,

we present a package of maps called: minimal f-continuous, maximal f-continuous,
f-irresolute minimal, f-irresolute maximal, minimal f-irresolute and maximal f-
irresolute. Additionally we investigated some fundamental properties of the concepts
which presented in this paper.

Keywords: f-open set minimal f-open, maximal f-open, minimal f-continuous,
maximal  f-continuous, f-irresolute minimal, f-irresolute maximal, minimal f-
irresolute and maximal f-irresolute
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1. Introduction

In [1] and [2] introduced the concepts of
minimal open, maximal closed sets and their
complement sets. The present paper introduce
the concept of a new class of open sets called
minimal f-open, maximal f-open, minimal f-
closed and maximal f-closed.
1.1 Definition: Let X be a topological space
then:

*Email: gays.shakir@gmail.com

934

1- A proper nonempty open subset O of X is
said to be minimal open set if any open set
which is contained in O'is ¢ or O. [1]

2- A proper nonempty open subset O of X is
said to be maximal open set if any open set
which is contains O is O or X. [2]

3- A proper nonempty closed subset F of X is
said to be minimal closed set if any closed set
which is contained in Fis ¢ or F. [3]
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4- A proper nonempty closed subset F of X is
said to be maximal closed set if any closed set
which is contains F is F or X. [3]

1.2 Definition [4]: A set B in a space X is called
semi-open (s.0.) if there exists an open subset O

of X such that OcSc O .The complement of a
semi-open set is defined to be semi-closed.

1.3 Definition [5]: Let X be a space and AcX.
Then the intersection of all semi-closed subsets
of X which contains A is called the semi-closure

of A and it is denoted by AS :

1.4 Definition [6, 9]: A subset A of a space X is
called a feebly open (f-open) set if there exists
an open subset U of X, such that

U < A < U.The complement of a feebly open
set is defined to be a feebly closed (f-closed) set.

An equivalent definition of being A is f-open is
0

AcCA® .
1.5 Definition [7]: Let X and Y be topological
spaces and f:X—Y is a map then f is called an f-

continuous function if f (A) is an f-open set in
X for every openset AinY.

1.6 Definition [8] : Let X and Y be topological
spaces and f:X—Y is a map then f is called f-
irresolute if the inverse image of every f-open
subset of Y is an f-open set in X.

2. Minimal and Maximal feebly open sets

2.1 Definition: Let X be a topological space
then:

1- A proper nonempty f-open subset U of X is
said to be a minimal f-open set if any f-open set
which is contained in U is ¢ or U.

2- A proper nonempty f-open subset U of X is
said to be a maximal f-open set if any f-open set
which is contains U is X or U.

3- A proper non-empty f-closed subset F of X is
said to be a minimal f-closed set if any f-closed
set which is contained in F is ¢ or F.

4- A proper nonempty f-closed subset F of X is
said to be a maximal f-closed set if any f-closed
set which is contains F is X or F.

2.2 Remarks:

(1) The family of all minimal f-open (resp.
minimal f-closed) set of a topological space X is
denoted by M,FO(X) (resp. M,FC(X)).

(2) The family of all maximal f-open (resp.
maximal f-closed) set of a topological space X is

denoted by M, FO(X) (resp. M_FC(X)).
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2.3 Remark: The concept of minimal f-open,
maximal f-open, minimal f-closed and maximal
f-closed are independent of each other as in the
following example.

2.4 Example: let X={a, b, c} and t={¢, {a},
{ab}, so FO(X)={¢.{a}{ab}.{ac} X},
MFO(X)={{a}}, M;FC(X)={{c}.{b}}.
M,FO(X) ={{a,b}.{a,c}},

M,FC(X) ={{b,c}}

Table 1-
minmal | maximal | mimmal | maximal
f-open | f-open | f-closed | f-closed
{a} Yes No No No
{a,b} | No Yes No No
{b} No No Yes No
{h,cj | No No No Yes

2.5 Theorem: let F be a subset of a topological
space X, then F is a minimal f-closed if and
only if X-F is maximal f-open set.

Proof: = let F is a minimal f-closed, so X-F is
f-open. We have to show that X-F is maximal f-
open suppose not, so there is a f-open subset D
of X such that X—F <D hence X-DcF
and this contradict being F is minimal f-closed.
<=let F be an f-closed subset of X, suppose that
there is an f-closed K = ¢such that KcF
thus X—Fc X—Kbut X-K is proper f-open
set. Contradiction to the assumption of being X-
F is maximal f-open.m

2.6 Theorem: Let U and V be maximal f-open
subsets of a Topological space X, then
UUV = Xor u=V.
Proof: if UUV =X
complete.

If not, i.e. UUV = Xso we have to show that
U=V.

Since UUV=X
VcUUV.

But U is maximal f-open set, so UUV =X or
uuv=u

Thus UUV =U andso VcU.

Now since VcUUV and V is maximal f-
open set, so UUV=X or UUV =V but
UUV=XsoUUV =Vandhence UcV
Therefore U=V.m

then the proof is

so UcUUV and
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2.7 Theorem: Let U be a maximal f-open and V
be an f-open subsets of a Topological space X

then UUV=XorVcU.

Proof: If UUJV = X then the proof is complete.
If UUV=X so UcUUV and
VcUUVv.

Since U is maximal f-open and UcUUV so
by definition of Maximal f-open we have that
uuv=X or UUV=Ubut UUV =X so
UUV=U andhence Vc U .m

2.8 Theorem: Let U be a maximal f-open subset
of a Topological space X with x e X/U then
X/UcV for any f-open subset of X with
XeV.

Proof: Let Xxe X/Uand xeV, soVz U,
thus by (2.7) we have that

UUV=X=(X\U)NX\V)=¢p=X\UcV

.n
2.9 Theorem: let F be a minimal f-closed and K
be an f-closed subsets of a Topological space X

then FNK =¢or Fc K.

Proof: If F(K = ¢ then the proof is complete.
If FNK=d¢pthen we have to show that
FcK.

Since FNK=#¢ then FNKcF and
FNKcK.
But F is minimal f-closed, so we have

FNK=For FNK=¢.

Thus F(NK =F which meansthat Fc K .m
2.10 Theorem: let F and K be minimal f-closed
subsets of a Topological space X then
FNK=¢or F=K.

Proof: If F(K =d¢then the proof is complete.
If FK = ¢then we have to show thatF = K.
Since FNK=¢ SO FNKcFor
FNKcK.

Since F is minimal f-closed so we have
FNK=F or FNK=¢. But
FNK=¢dhence FMNK=F which means

FcK.

Now since K is minimal f-closed so we have
FNK=K or FNK=4¢. But
FMNK = phence FNK=K which
means K < F . Therefore F=K. m

2.11 Theorem: Let U, V and W be maximal f-
open subsets of a Topological space X such that

U=V, if UNV cW,then either U=W or
V=W.
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Proof: Suppose that U1V < W, if U=W then
the proof is complete.
If U= W we have to show that V=W.

VAW =VN(XNW) SetTheory
=vN[wn(uUV)] by (2.6)

=vN[wnu)u(wnv)] SetTheory
=(VNwNu)u(vNwNV)Set Theory
=(UNVIU(VNW) sinceUNV c W

=(UUW)NV SetTheory

=XV since UUW =X

=V

Thus VW=V implies VcW but V is
maximal f-open therefore V=W or VIUW =X
but VUW # Xso V=W. m

2.12 Theorem: U, V and W be maximal f-open
subsets of a Topological space X which are
different from each other, then
UNVezUNW

Proof:

Let UNVcUNW

=UNV)U(Wwnv)c(unw)u(wnv)
= (UNW)UV c(unv)uw
= XUV XUW

=>VcW

But V is maximal f-open and W is a proper
subset of X so V=U, this result contradicts the
fact that U, V and W are different from each
other. Hence UNV zUNW =

2.13 Theorem: Let F be a minimal f-closed
subset of a Topological space X , if X € Fthen
FcK for any f-closed subset K of X
containing X.

Proof: Suppose xeKand FzK
FNKcF and FNK #¢ sincexe FNK.
But F is minimal f-closed so FNK=F or
FNK=¢.

hence F(K =F which contract the relation
FNK cF. ThereforeFc K .m

2.14 Theorem: Every minimal f-open subset of a
topological space is open.

Proof: Let M be a minimal f-open subset of a

topological space X.
Since M is f-open so there is an open subset U

_s
of Xsuchthat UcMc U .

SO
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But U is open so it is f-open. Since M is
minimal so either U=¢ contradiction or M=U

thus U = M® hence M is open. m
3. T min and T max Spaces

3.1 Definition: A topological space X is said to
be T¢minspace if every nonempty proper f-

open subset of X is minimal f-open set.
3.2 Definition: A topological space X is said to

be T¢maxspace if every nonempty proper f-

open subset of X is maximal f-open set.

3.3 Example: Let X={a, b, ¢} and
t={¢,{a,b},{c}, X} thus FO(X)="1, it is clear
that {a, b} and {c} are maximal and minimal f-
open sets thus the space X is Tfmpinand

Tt max -

3.4 Remark: Tfmin and Tgmax Spaces are
identical.

3.5 Theorem: A space X is Tf pipn if and only if
itis Tf max -

Proof:= Let X is Tfmin space. Suppose that
X is not T¢ pax ., SO there is a proper f-open

subset K of X which is not maximal, this mean
there exist an f-open subset of X
withK c H#¢. Thus we get that H is not

minimal which is contradict of being X
& Let Xis T;,,, space. Suppose that X is not

T¢ min . SO there is a proper f-open subset K of
X which is not minimal, this mean there exist an
f-open subset of X with ¢ H < K. Thus we
get that H is not maximal which is contradict of
being X is T; .y -®

3.6 Theorem: A topological space X is Timin
space if and only if every nonempty proper f-
closed subset of X is maximal f-closed set in X.
Proof: = let F be a proper f-closed subset of X
and suppose F is not maximal.

So there exists an f-closed subset K of X with
K # X suchthat F c K.

Thus X— K < X—F. Hence X-F is a proper f-
open which is not minimal and this contradicts
of being X is Tyyin Space.

<=Suppose U is a proper f-open subset of X.
thus X-U is a proper f-closed subset of X, so X-

937

Iraqi Journal of Science, 2013, Vol 54, No.4, pp:934-943

U is maximal f-closed subset of X. and by (2.5)
U is minimal f-open . thus X is Tsyin Space. m

3.7 Theorem: A topological space X is Tfmax
space if and only if every nonempty proper f-
closed subset of X is minimal f-closed set in X.
Proof:

—> let F be a proper f-closed subset of X,
suppose F is not minimal f-closed in X, so there
is a proper f-closed subset of X such that
KcF

Thus X—F < X—Kbut X-K is proper f-open
in X so X-F is not maximal in X. Contradiction
to the fact X-F is maximal f-open.

<let U be a proper f-open subset of X, then X-
U is a proper f-closed subset of X and so it is
minimal f-closed set by (2.5) hence we get that
U is maximal f-open. m

3.8 Theorem: Every pair of different minimal f-
open sets of T¢ miny are disjoint.

Proof: Let U and V be minimal f-open subsets of

Tf min SPace X such that U=V to show that
UMV =dsuppose notie. UNV =o.

So UNVcUandUNVcV. Since
UNVcUand U is minimal f-open then
UNv=UorUNV=¢ thusUNVv=u..
(D).

Now since U1V < Vand V is minimal f-open
thenUNV=V orUNV=¢
thusUNV=V...(2)

Hence from (1) and (2) we get that U=V this
result contradicts the fact that U and V are
different. ThereforeUNV =¢ .m

3.9 Theorem: Union of every pair of different
maximal f-open sets in T max Space Xis X.
Proof: Let U and V be maximal f-open subsets
of Tfmax space X such that U=V to show

that UUJV = Xsuppose noti.e. UUJV = X.
So UcUUVandVcUUV.

Since U cUUV and U is maximal f-open then
uuv=Uoruyv=X

thusUUV=U... (D).

Now since VcUUV and V is maximal f-
openthenUUV =V or UNV=X
thusUUV =V ... (2

Hence from (1) and (2) we get that U=V this
result contradicts the fact that U and V are
different. Therefore UNV =X.m

3.10 Theorem: Let X be a topological space, if
X'is Tf max then every proper f-open is open.
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Proof: Let F be a proper f-open subset of X. so

there exist an open subset U of X such that
_S
Uc Fc U but U is f-open subset of X, since

X is Tfmax S0 U is maximal f-open and

soU=F. Thus U=F° hence F is open. m

4. Some Maps Via Minimal and Maximal
f-open Sets

4.1 Definition: Let X and Y be topological
spaces, a map f:X— Yis called minimal f-

continuous if f_l(U) is minimal f-open in X
for any open subset U of Y.

4.2 Example: Let X=Y={a, b, c}and
f:(X,t) > (Y,0)is the identity map, where
©={¢, {a}, {b}, {a, b}, X} and o={¢, {b},
Y} then f is minimal f-continuous since the only
proper open subset of Y is {b}

andf_l({b}) ={b}is minimal f-open in X.
4.3 Definition: Let X and Y be topological
spaces, a map f: X — Yis called maximal f-

continuous if f_l(U) is maximal f-open in X
for any open subset U of Y.

44 Example: Let X=Y={a, b, c}and
f:(X,t) > (Y,0)is the identity map, where
©={¢, {a}, {c}{a c}, X} and c={¢, {a c},
Y} then f is maximal f-continuous since the only
proper open subset of Y is {a, c}

andf_l({a, c}) ={a, c}is maximal f-open in X.
4.5 Theorem: Every minimal f-continuous map
is f-continuous.

Proof: Let f:X—>Y be a minimal f-
continuous map and U be open subset of Y. then

f_l(U) is minimal f-open in X and so f_l(U)
is f-open subset of X.m

4.6 Remark: The converse is not true in general
as in the following example.

4.7 Example: Let X=Y={a, b, c} and
f:(X,t) > (Y,0)is the identity map, where
©={¢, {a} {c} {a c}, X} and 6={¢, {a, c},
Y} then f is f-continuous but f is not minimal f-
continuous  since f_l({a,c}) ={a,c} is not
minimal f-open since ¢ ={a}c{a,c}, .

4.8 Theorem: Let X and Y be topological
spaces, if f:X—Yis an f-continuous onto
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map and X is T¢ min Space then f is minimal f-
continuous.

Proof: It is clear that the inverse image of ¢ and
Y are f-open subsets of X. So let U be a proper
open subset of Y. Since f is f-continuous so
f_l(U) is proper f-open subset of X, but X is

T min SO f_l(U) minimal f-open.m

4.9 Remark: the converse is not true in general
as in the following example.

4.10 Example: In (4.2) f is minimal f-continuous

but X'is not T¢ min -

4.11 Theorem: Let X and Y be topological
spaces, if f:X—Yis an f-continuous onto
map and X Tfmax space then f is maximal f-
continuous.

Proof: It is clear that the inverse image of ¢ and
Y are f-open subsets of X. So let U be a proper
open subset of Y. Since f is f-continuous so

f_l(U) is a proper f-open subset of X but X is

T max SO f_l(U) is maximal f-open.m
4.12 Remark: the converse is not true in general

as in the following example.
413 Example: In (4.4) f is maximal

continuous but X is not Tf pmax Space.

4.14 Theorem: Every maximal f-continuous map
is f-continuous.

Proof: Let f:X-—>Ybe a maximal f-
continuous map and U be open subset of Y. then

f_l(U) is maximal f-open in X and so f_l(U)
is f-open subset of X.m

f-

4.15 Remark: The Converse is not true in
general as in the following example.
4.16 Example Let X=Y={a, b, c}and

f:(X,t) > (Y,0)is the identity map, then
where t={¢, {a}, {a, c}, X} and o={¢, {a},

Y} then f is f-continuous but f is not maximal f-

continuous since f_l({a}) ={a} is not maximal
f-open since ¢ = {a,c} >{a}.

417 Remark: Minimal f-continuous and
maximal f-continuous maps are independent of
each other and the following examples show
that.

4.18 Example: f-
continuous since f_l({a,c}):{a,c}is f-open

but f is not minimal f-continuous.

In (4.4) f is maximal



Shakir

4.19 Example: In (4.2) f is minimal f-continuous
but it is not maximal f-continuous since

f_l({b}) ={b} is not maximal f-open in X.
4.20 Definition: Let X and Y be topological
spaces, a map f: X —Yis called f-irresolute

minimal if f_l(U) is f-open in X for any
minimal f-open subset U of .

421 Example: Let X=Y={a, b, c}and
f:(X,t)—>(Y,0)is the identity map
andt={¢, {a}, {b}, {a b}, X}, o ={¢, {a},
{a, b}, Y}, then f is f-irresolute minimal since
the only minimal f-open set in Y is {a} and

f_l({a}) ={a}is an f-open in X.
4.22 Definition: Let X and Y be topological
spaces, a map f: X — Yis called f- irresolute

maximal if f_l(U) is f-open in X for any
maximal f-open subset U of Y.

423 Example: Let X=Y={a, b, c}and
f:(X,t) > (Y,o)is the identity map
andt={¢, {a}, {a. b} X}, o ={¢, {a}, {b}.
{a, b}, Y}, then f is f-irresolute maximal since
the only maximal f-open set in Y is {a, b} and

f_l({a, b}) ={a,b}is an f-open in X.

4.24 Theorem: Every f-irresolute map is f-
irresolute minimal.

Proof: Let f:X—Ybe an f- irresolute map
and U be a minimal f-open subset of Y so U is

an f-open. Then f_l(U) is f-open in X and so

f_l(U) is f-open subset of X.m

4.25 Remark: The converse is not true in general
as in the following example.

426 Example: Let X=Y={a, b, c}and
f:(X,t) > (Y,0)is the identity map
andt={¢, {a}, {b. c}, X}, o ={¢, {a},Y},
then f is f-irresolute minimal since the only
minimal f-open set in Y is {a} and

fL({a}) ={a}is an f-open in X. But f is not f-
irresolute since {a, b} is f-open in Y but

f1({a,b}) = {a,b} is not f-open in X.

4.27 Theorem: Every minimal f-irresolute map
is f-irresolute minimal.

Proof: Let X and Y be topological spaces and
the map f:X— Yis minimal f-irresolute, to
show that f is f-irresolute minimal. Let U be a
minimal f-open subset of Y, so U is f-open, thus
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f_l(U) is minimal f-open subset of X,

therefore f_l(U) is f-open. m

4.28 Remark: The converse is not true in general
as in the following example.

4.29 Example: In (4.21) f is f-irresolute minimal
but f is not minimal f-irresolute since

f_l({a, b}) ={a,b}is not minimal f-open in X.
4.30 Theorem: Every maximal f-irresolute map
is f-irresolute maximal.

Proof: Let X and Y be topological spaces and
the map f: X —Yis maximal f-irresolute, to
show that f is f-irresolute maximal. Let U be a
maximal f-open subset of Y, so U is f-open, thus

f_l(U) is maximal f-open subset of X,

therefore f_l(U) is f-open . m

4.31 Remark: The converse is not true in general
as in the following example.

4.32 Example: In (4.23) f is f-irresolute maximal
but f is not maximal f-irresolute since

f_l({a}) = {a}is not maximal f-open in X.

4.33 Theorem: Every minimal f-irresolute map
is minimal f-continuous.

Proof: Let X and Y be topological spaces and
the map f: X —Yis minimal f-irresolute, to
show that f is minimal f-continuous. Let U be an

open subset of Y, so U is f-open, thus f_l(U)
is minimal f-open subset of X. m

4.34 Remark: The converse is not true in general
as in the following example.

435 Example: Let X=Y={a, b, ¢} and
f:(X,1) > (Y,0)is the identity map, then
where 1={¢, {a}, {b, c}, X} o={¢, {a}, Y}

then f is minimal f-continuous since the only
proper open subset of Y is {a} and

f_l({a}) ={a} which is minimal f-open subset
in X. Now f is not minimal f-irresolute since {a,

c} is f-open in Y but f_l({a, c}) ={a,c}which
is not f-open in X so it is not minimal f-open.
4.36 Theorem: Every maximal f-irresolute map
is maximal f-continuous.

Proof: Let X and Y be topological spaces and
the map f: X — Yis maximal f-irresolute, to
show that f is maximal f-continuous. Let U be
an open subset of Y, so U is f-open, thus

f_l(U) is maximal f-open subset of X. m

4.37 Remark: The converse is not true in general
as in the following example.
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4.38 Example: Let X=Y={a, b, c} and
f : (X,1) — (Y,0)is the identity map, then

where T={¢, {a}, {b, c}, X} o={¢, {a}, Y}
then f is maximal f-continuous since the only
proper open subset of Y is {a} and

f_l({a}) ={a} which is maximal f-open subset
in X. Now f is not maximal f-irresolute since {a,

b} is f-open in Y but f_l({a, b}) ={a,b}which
is not f-open in X so it is not maximal f-open.
4.39 Theorem: Every f-irresolute map is f-
irresolute maximal.

Proof: Let X and Y be topological spaces and
the map f: X —Yis f-irresolute, to show that
f is f-irresolute maximal. Let U be a maximal f-

open subset of Y, so U is f-open, thus f_l(U)
is f-open subset of X. m

4.40 Remark: The converse is not true in general
as in the following example.

4.41 Example: In (4.23) f is f-irresolute maximal
but it is not f-irresolute since {b} f-open in Y

but f_l({b}) ={b}is not f-open in X.

4.42 Definition: Let X and Y be topological
spaces, a map f: X — Yis called minimal f-
irresolute if f~*(U) is minimal f-open in X for
any f-open subset U of Y.

443 Example: Let X=Y={ a b }and
f:(X,1) > (Y,o)is the identity map and
T={¢, {a}, {b}, X}, o={¢,{a}, Y} thenfis
minimal f-irresolute.

4.44 Definition: Let X and Y be topological
spaces, a map f : X — Yis called maximal f-
irresolute if f™(U) is maximal f-open in X for
any f-open subset U of Y.

445 Example: Let X Y= {a, b} and
f:(X,t)—> (Y,o) is the identity map and

T={¢, {a}, {b}, X}, © ={¢d, {b}, Y} thenfis
minimal f-irresolute.

446 Theorem: Every maximal f-irresolute is f-
irresolute minimal.

Proof: Let X and Y be topological spaces and
the map f: X — Yis maximal f-irresolute, to
show that f is f-irresolute minimal. Let U be a
minimal f-open subset of Y, U is f-open, thus

f_l(U) is maximal f-open subset of X and so it
is f-open. m

4.47 Remark: The converse is not true in general
as in the following example.

4.48 Example: In (4.21)f is f-irresolute minimal
but it is not maximal f-irresolute since {a} is an
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f-open set in Y but f_l({a}) ={a} is not
maximal f-open in X.

4.49 Theorem: Every minimal f-irresolute is f-
irresolute maximal

Proof: Let f:X— Ybe a minimal f-irresolute
map and U be a maximal f-open subset of Y so

it is f-open. Then f_l(U) is minimal f-open in

X and so f_l(U) is f-open subset of X.m

4.50 Remark: The converse is not true in general
as in the following example.

4.51 Example: In (4.23) f is f-irresolute maximal
but it is not minimal f-irresolute since {a, b} is

an f-open set in Y but f_l({a, b}) ={a,b} is
not minimal f-open in X.

452 Remark: The concepts of minimal f-
continuous and f-irresolute maximal are
independent for each other as in the following
examples.

4.53 Example: In (4.2) f is minimal f-
continuous but it is not f-irresolute maximal
since {b, c} is an f-open in Y but

f_l({b,c}) ={b,c} is not f-open in X so it is
not maximal f-open.

4.54 Example: In (4.7) f is f-irresolute maximal
but it is not minimal f-continuous since

f_l({a, c}) ={a,c} is not minimal f-open.

4.55 Theorem: Every maximal f-continuous is f-
irresolute minimal.

Proof: Let X and Y be topological spaces and
the map f : X — Y maximal f-continuous , to
show that f is f-irresolute minimal. Let U be a
minimal f-open subset of Y, so by (2.14) U is

open, thus f_l(U) is maximal f-open subset of

X hence f_l(U) is f-open . m

4.56 Remark: The converse is not true in general
as in the following example.

4.57 Example: In (4.2) f is f-irresolute minimal
but it is not maximal f-continuous since

f_l({b}) ={b} is not maximal f-open in X.
4.58 Remark: The concepts of maximal f-
continuous and f-irresolute maximal are
independent for each other as in the following
example;

459 Example: Let X=Y={a, b, c}and
f:(X,1) > (Y,0)is the identity map, where

©={¢. {a}, {a, b}, {a c}, X} and o ={¢, {a},

Y} then f is f-irresolute maximal but f is not
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maximal f-continuous since f_l({a}):{a} is
not maximal f-open since ¢ ={a,c} >{a}.
4.60 Example: in (4.35) f is maximal f-

continuous but it is not f-irresolute maximal
since {a, b} is maximal f-open in Y but

f~1({a,b}) = {a, b}is not f-open in X

4.61 Theorem: Every minimal f-continuous is f-
irresolute minimal.

Proof: Let X and Y be topological spaces and
the map f:X—Y minimal f-continuous, to
show that f is f-irresolute minimal. Let U be a
minimal f-open subset of Y, so by (2.14) U is

open, thus f_l(U) is minimal f-open subset of

X hence f_l(U) is f-open. m

4.62 Remark: The converse is not true in general
as in the following example.

4.63 Example: In (4.21) f is f-irresolute minimal
but it is not minimal f-continuous since

f_l({a, b}) ={a,b}is not minimal f-open in X.
4.64 Remark: The concepts of f-irresolute
minimal and  f-irresolute  maximal are
independent for each other as in the following
examples.

4.65 Example: Let X=Y={a, b, c}and
f:(X,t) > (Y,0)is the identity map
andt={¢, {a}, {b, c}, X}, o ={¢. {a}. {a
b}, Y}, then f is f-irresolute minimal since the
only minimal f-open set in Y is {a} and
f_l({a}) ={a}is an f-open in X. But it is not f-
irresolute maximal since {a, b} is maximal f-

open but f1({a,b}) ={a,b} is not f-open in
X.

4.66 Example: Let X=Y={a, b, c}and
f:(X,t) > (Y,o)is the identity map
andt={¢, {a, b}. X}, o ={¢, {a}, {b}, {a b},
Y}, then f is f-irresolute maximal since the only
maximal f-open set in Y is {a, b} and
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f1({a,b}) ={a,b}is an f-open in X but {a} is

minimal f-open in X and f_l({a}) ={a} is not
f-open in X so f is not f-irresolute minimal.

4.67 Theorem: Every minimal f- irresolute map
is f-irresolute.

Proof: Let X and Y be topological spaces and
the map f: X — Yis minimal f-
irresolute, to show that f is f-irresolute. Let U be

an f-open subset of Y, thus f_l(U) is minimal

f-open subset of X, therefore f_l(U) is f-open.
|

4.68 Remark: The converse is not true in general
as in the following example.

4.69 Example: Let X=Y={a, b, c}and

f : (X,1) = (Y,0)is the identity map, where

©={¢.{a} {a b}, {a c}, X}and c={¢, {a},
{a, c}, Y}thenf is f-irresolute but it is not

minimal f-irresolute since f_l({a, ch)={ac}
is not minimal f-open

4.70 Theorem: Every maximal f- irresolute map
is f-irresolute.

Proof: Let X and Y be topological spaces and
the map f : X — Yis maximal f-
irresolute, to show that f is f-irresolute. Let U be

an f-open subset of Y, thus f_l(U) is maximal

f-open subset of X, therefore f_l(U) is f-open .

|

4.71 Remark: The converse is not true in general
as in the following example.

4.72 In (4.69) f is an f-irresolute but it is not

maximal f- irresolute since f_l({a}):{a} is
not maximal f-open in X.

4.73 Remark: The following diagram shows the
implications of wvarious relations among
concepts which introduced in this paper.
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f-continuous
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»

maximal f-continuous « | » minimal f-continuous

A A

v

AV
/

v

f-irresolute maximal <« | » f-irresolute minimal
A

A

/
A\

\ 4 v
maximal f-irresolute minimal f-irresolute

/
N

f-irresdlute
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