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SOME CATEGORICAL STRUCTURES OF GENERALIZED TOPOLOGIES
IN TERMS OF MONOTONE OPERATORS

TAHERE MOHAMMADI KHORSAND AND GHASEM MIRHOSSEINKHANI*

ABSTRACT. In this paper, we give some generalized categories of topological spaces in terms
of monotone operators and investigate some categorical properties of them. In particular, we
present some equivalent categories of generalized topological spaces in terms of closure and
interior operators. Also, we study the properties of some classes of morphisms as final, initial,

closed and open morphisms in these categories.

1. INTRODUCTION AND PRELIMINARIES

General topology is important in many fields of applied sciences as well as branches of math-
ematics. In reality it is used in data mining, computational topology for geometric design and
molecular design, computer-aided design, computer-aided geometric design, digital topology,
information system, particle physics, quantum physics and etc. The theory of generalized
topological spaces, which was founded by A. Csészér [3], is one of the most important devel-
opments of general topology. He used monotone mappings from the power set of a nonempty
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set X to itself and introduced the notions of generalized neighborhood systems and general-
ized topological spaces. He also introduced the notions of generalized continuous maps and
associated interior and closure operators on generalized topological spaces and other concepts
[3-8]. Then, many authors studied some topological notions in such spaces, such as separation
axioms [I4], weak continuity [0, IT] and other notions [4].

In this paper, we give some generalized and modification categories of topological spaces
by monotone operators and investigate some categorical properties of them. In particular,
we study the properties of some classes of morphisms, such as final, initial, closed and open
morphisms in these categories.

In the following, we recall some notions and notations defined in [8]. A mapping v : P(X) —
P(X) defined on the power set P(X) of a set X is said to be monotone provided that A C
B C X implies vA C B, where we write vA for 7(A). The pair (X,~) is called a I'-space.
A set A C X is said to be y-open provided that A C vA; ~-closed provided that vA C A and
the collection p, of all y-open sets is a generalized topology in the sense of [B], where a subset
w of P(X) is called a generalized topology (briefly GT) on X and the pair (X, u) is called a
generalized topological space (briefly GTS) if ) € u and any union of elements of u belongs to
pe A GTS (X, p) is called strong if X € p. Also the collection pf = {A | v(X — A) C X — A}
isa GT on X.

A monotone map v : P(X) — P(X) is said to be:

(1) idempotent if v2A = yyA = yA for A C X;

(2) restricting if yA C A for A C X;

(3) enlarging if A C vA for A C X

(4) V-additive if y(AU B) = yAU~B for A,B C X;
(5) A-additive if y(AN B) =~vAN~vB for A,B C X.

The conjugate of a monotone map + is defined by v*A = X — (X — A) for A C X. Clearly
(X,~*) is a I'-space. If puis a GT on X, then the interior operator i, : P(X) — P(X) defined
by i,A = U{M € p | M C A} is monotone, idempotent and restricting; and the closure
operator ¢, : P(X) — P(X) defined by ¢,A = ({N | A C N,X — N € pu} is monotone,
idempotent and enlarging.

A mapping f : (X, ux) — (Y, uy) between GTS’s is said to be g-continuous if f~1(B) € ux
whenever B € py [3, [0]. We denote by Top and GenTop the category of all topological
spaces with continuous maps; and the category of all generalized topological spaces with g-
continuous maps, respectively. In the following sections, readers are suggested to refer to [l

for some categorical notions.
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2. GENERALIZED CATEGORIES OF Top

In this section, we present some generalized and modification categories of topological spaces
in terms of closure and interior operators. Recall that every monotone and restricting operator
is called an interior operator, and every monotone and enlarging operator is called a closure

operator.

Definition 2.1. Let f : (X,v) — (Y,d) be a mapping between I'-spaces. We say that f is
i-continuous if f~1(6B) C vf~1(B) for all subset B of Y; and c-continuous if vf~1(B) C
f71(6B) for all subset B of Y, or equivalently, f(vA) C §f(A) for all subset A of X.

We denote by:

(1) I" and I"* the category of all I'-spaces and i-continuous maps, and the category of all
I"-spaces and c-continuous maps, respectively;

(2) T, and I'} the full subcategories of I and I'* of all restricting maps, and of all enlarging
maps, respectively;

(3) Iy and I'}, the full subcategories of I',. and I'} of all idempotent maps, respectively;

(4) T'hir and I, the full subcategories of I';, and I'}, of all A-additive maps; and of all
V-additive maps, respectively.

Recall that I'}, is often called the category of closure spaces [3].

The following lemma is an immediate consequence of the definitions of monotone operators.

Lemma 2.2. Let v be a monotone map on P(X). Then the following statements hold:
(1) (V)" =7, pye = py and p = piy=.
(2) (v*)? =" if and only if v* = .
(3) v is restricting if and only if v* is enlarging.
(4) A C X is y-open if and only if X — A is v*-closed.
(5) ~v is A-additive if and only if v* is \V-additive.
(6) f

6) f:(X,y) = (Y,0) is i-continuous if and only if f: (X,v*) — (Y, %) is c-continuous.

Theorem 2.3. We have the following isomorphisms of categories:

r~r* T,~T*% TI,~I:

A~ T
ie’ Drir = 11\/1’@'

Proof. Define the functor F' by F((X,~)= (Y 0)) = (X *)L(Y, 0*). By Lemma 32, it is easy

to show that F' is an isomorphism in any of the four parts.

Remark 2.4. It is well know that a mapping f : (X, u) — (Y, \) between topological spaces
(GTS’s) is continuous (g-continuous) if and only if f: (X,i,) — (Y, ) is i-continuous if and

only if f: (X,cu) — (Y,cy) is c-continuous. Now, if f : (X,v) = (Y,0) between I'-spaces is
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i-continuous, then f : (X, ) — (Y, us) is g-continuous. Conversely, if f: (X, puy) = (Y, ps) is
g-continuous such that v and § are both idempotent and restricting, then for every subset B
of Y, B € ps, so f~H(6B) Cvf~1(6B) C~vf~1(B). Thus f: (X,v) — (Y,6) is i-continuous.

Theorem 2.5. (1) The categories 'y, T'Y, and GenTop are isomorphic.

(2) The categories I niy, I'Y,;. and Top are isomorphic.
Proof. Define the functors F' : I';, — GenTop and G : GenTop — I';,. as follows:
f f f N .
F((X,7)=(Y,0)) = (X, py) = (Y ps)  and - G((X, p)=(Y,A)) = (X, 1) =(Y,4)).

If (X,p)is a GTS, then p;, = {AC X | ACi(A)}={AC X |A=i,4)} =pn So
FoG(X,u) = F(X,i,) = (X,1;,) = (X,p). On the other hand, if (X,v) € Iy, then it is
easy to show that i, =v. So G o F(X,v) = (X,i,,) = (X,7). Thus F is an isomorphism.
Finally, if (X,~) € Tnir, then F(X,~) € Top, which shows that F' is an isomorphism from
I'ir to Top. Now, by Theorem P73, the proof is complete.

Theorem 2.6. GenTop is fully embeddable into any of the categories I', I'y, I'* and I'} as a

reflective subcategory.

Proof. Let the functor G : GenTop — I'(T';) be defined by:
f N .
G((X, )= (Y, A)) = (X, )= (Y, i)

It is clear that G is faithful. If G(X, u) = G(Y,A), then X =Y and i, = iy, so p = A, which
shows that G is injective on objects. If f : (X,i,) — (Y,iy) is i-continuous, then by Remark
24, f: (X, u) — (Y, \) is g-continuous, so G is full. Hence G is a full embedding. Now, we show
that G is an adjoint functor. Let (X,v) be an object in I' or I';.. Since 4, A C v(i,, A) C vA
for every A C X, it follows that the identity map id : (X,v) — (X,i,,) is i-continuous.
Suppose that (Y, ) is a GTS and f: (X,v) — G(Y,\) = (Y,4)) is an i-continuous map. By
remark 24, f = f : (X, ) — (Y, s, = A) is g-continuous, so the unique map satisfying the

condition G(f)oid = f. Thus id is a G-universal arrow for (X,~). Now, by Theorem P23, the

proof is complete.

The following diagram summarizes the previous results, where we use the notations 22, 1

and < for isomorphic, full subcategory and reflective full subcategory, respectively.
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<~ GenTop — I

r
T 1 T
r

— GenTop — I

<

T I T
Iy, = GenTop = I7,
T T T
LCrir = Top = IV,

3. INITIAL AND FINAL MORPHISMS

In this section, we study the notions of initial and final morphisms with respect to closure
and interior operators. Let (A,| — |) be a concrete category over a category X. An A-
morphism f : A — B is called initial provided that for any A-object C' an X-morphism
g : |C| — |A| is an A-morphism whenever f og : |C| — |B| is an A-morphism. An initial
morphism f : A — B that has a monomorphic underlying X-morphism f : |A| — | B| is called
an embedding. The concepts of final morphism and quotient morphism are dual to the concepts
of initial morphism and embedding, respectively. A concrete category over the category Set

of sets is called a construct [I].

Remark 3.1. In the construct Top (GenTop) a continuous (g-continuous) map f : (X,7) —
(Y, 0) is initial if and only if 7 is the initial topology (initial generalized topology) with respect
to f and o, ie, 7 = {f71(S) | S € o}. Thus embeddings are precisely the topological
embeddings, i.e., homeomorphisms onto subspaces. Dually, f is final if and only if ¢ is the final
topology (final generalized topology) with respect to f and 7, i.e., 0 = {ACY | f71(A) € 7}.

Thus the quotient morphisms are the topological (generalized topological) quotient maps [].

In an arbitrary category with a subject structure and a closure operator, the notions of
initial and final morphisms and some properties of them were introduced in [2, [2]. Similarly,

we have the following definition.

Definition 3.2. A mapping f : (X,7) — (Y,0) between I'-spaces is called:

(1) c-final if 6B = f(~yf~1(B)) for all subset B of Y;
(2) c-initial if yA = f~1(5f(A)) for all subset A of X;
(3) i-final if 6*B = f(v*f~1(B)) for all subset B of Y;
(4) i-initial if v* A = f=1(6*f(A)) for all subset A of X.

It is easy to show that c-final and c-initial maps are c-continuous and i-final and ¢-initial

maps are ¢-continuous. Thus we study the properties of c-final and c-initial maps in I'* and
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its full subcategories (i.e., I';, I'?,, I'Y,. ); and the properties of i-final and ¢-initial maps in T’

and its full subcategories (i.e., I';, I'y, I'%;, )-

Theorem 3.3. In the construct I'* or any of its full subcategories, a mapping f is c-initial if

and only if it is an initial morphism.

Proof. Suppose that f : (X,v) — (Y,0) is c-initial in one of the constructs I'*, I'}, T'Y, 'Y,

(Z,a) a I'-space and h : Z — X is a function such that f o h is c-continuous. Then, we
have h=1(yA) = h=1f~Y(6f(A)) D a(h L f~H(f(A4))) D a(h~!(A)) for every A C X. Thus
h:(Z,a) — (X,7) is c-continuous. Hence f is an initial morphism.

Conversely, let f be an initial morphism in the construct I'*. We define ' : P(X) — P(X)
by v/ (A) = f~Y(6f(A)) for every subset A of X. Clearly, (X,v') is a I-space. Consider the
identity map i : (X,7) - (X,7), we have f oi(y/4) = f oi(f~ (8£(A)) = F(F 1 (6/(4))) C
0f(A) = §(f oi(A)). This implies that f o is c-continuous and since f is initial, so i is ¢
continuous. Thus yA =i~} (y(A4)) 2+ (i7tA) =y A= f~YH6f(A)) D vfLf(A) D vA. Hence
yA = f7Y(5f(A)). If § is enlarging, then 7/(A) = f~1(6f(A)) D f~Lf(A) D A for every subset
A of X. Thus + is enlarging. If § is also idempotent, then v/*(A) = f~16f(f16f(A)) C
Y62 f(A) = f~YH6f(A)) = 7 A for every subset A of X. Hence 72 = +'. Finally, if § is
V-additive, then v'(AUB) = f~Y(0f(AUB)) = f~1(5f(A) U fH(6f(B)) =+ (A) U~y (B) for
any subsets A and B of X. Thus, in the constructs I';, I'}, and I%,, the result holds.

Dually, similar to the proof of Theorem B=3 and by Lemma P2, we have the following

theorem.

Theorem 3.4. In the construct I' or any of its full subcategories, a mapping f is i-initial if

and only if it is an initial morphism.

Since every isomorphism functor between concrete categories preserves initial morphisms,

by Theorems P23 and BZ3 we have the following result.

Corollary 3.5. In the construct Top (GenTop) a continuous (g-continuous) map f :
(X, 1) = (Y, 0) is initial if and only if c;A = f~1(co f(A)) for every subset A of X.

Lemma 3.6. In the construct I'* or any of its full subcategories, every c-final mapping is a

final morphism.

Proof. Suppose that f: (X,v) — (Y,0) is c-final, (Z, a) a I-space and g : Y — Z is a function
such that g o f is c-continuous. Then, we have g(6B) = gof(vf~1(B)) C a(gof(f~1(B))) C
a(g(B)) for every B C Y. Thus g : (Y,0) — (Z,«) is c-continuous. Hence f is a final

morphism.
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Remark 3.7. We point out that in the constructs I';, I';, and IY),, finality does not char-
acterize c-final maps. For example, let X =Y = {1,2}, 7 = {0,{2}, X}, 0 = P(Y) and
f: (X,7) = (Y,0) be defined by f(1) = f(2) = 1. Then, by Remark B, f is a final
morphism in Top and hence in GenTop. Since every isomorphism functor between concrete
categories preserves final morphisms, it follows that f : (X, ¢;) — (Y, ¢,) is a final morphism
in T, and T'},. But ¢,{2} = {2} and f(c, f~1({2}) = 0. Thus f is not c-final.

Theorem 3.8. (1) In the construct I'* a mapping f is c-final if and only if it is a final
morphism.

(2) In the construct Iy a mapping f is c-final if and only if it is a surjective final morphism.
(3) In any of the constructs I'}, and I, a mapping f is c-final if it is a bijective final

morphism.

Proof. (1): By Lemma B®, every c-final mapping is a final morphism. Conversely, let f :
(X,7) — (Y, 6) be a final morphism in I'*. We define &' : P(Y') — P(Y) by §'(B) = f(vf~1(B))
for every subset B of Y. Clearly, (Y,d’) is a I-space. Consider the identity map i : (Y,d) —
(Y,4"), we have §'(iof(A)) = f(vf ' (iof(A))) = f(vf1(f(4))) 2 f(yA) = iof(yA). This
implies that iof is c-continuous and since f is final, so i is c-continuous. Thus dB = i(6B) C
§(i(B)) = #(B) = f(+f(B)) C f(f~1(3)) C 6B. Hence 6B = f(vf~'(B)). Duality, let f
be an initial morphism. We define 7' : P(X) — P(X) by v'(A) = f~1(6f(A)) for every subset
A of X. Clearly, (X,v') is a I'-space. Consider the identity map i : (X,v") = (X,~), we have
Foi(yA) = foi(f " (0F(A)) = F(f71(8F(A))) € 5f(A) = 6 o i(A). This implies that f o
is c-continuous and since f is initial, so i is c-continuous. Thus vA =i~ (v(A)) D v/(i t4) =
YA = FTHOS(A)) 2 fLf(A) D yA. Hence vA = [~L(3f(A)).

(2): Let f: (X,7) — (Y,0) be a c-final morphism in I'}. Then, f(X) = f(vX) = f(vf~'Y) =
0Y =Y. Thus f is surjective and hence by Lemma B8, the result holds. Conversely, similar
to the proof of part (1), it is enough to show that the monotone operator ¢’ is enlarging. Since
f is surjective, it follows that &’B = f(vf~%(B)) 2 ff~'(B) = B for every subset B of Y.
Thus ¢’ is enlarging.

(3): Let f: (X,v) — (Y,0) be a bijective final morphism in I'},. Then, by part (2), we
show that the monotone operator ¢’ is idempotent. For every subset B of Y we have 62B =
fOYfHf(vf~YB))) = f(Y¥2fHB)) = f(vf~YB)) = §&B. Finally, if v is V-additive, then
§(AUB) = f(yvf Y AUB)) = f(vf YA U f(vf1(B) = §(A) U§'(B) for any two subsets
A and B of X. Thus, in the constructs I';, and I%,, the result holds.

Lemma 3.9. In the construct I' or any of its full subcategories, every i-final mapping is a

final morphism.
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Proof. Suppose that f : (X,v) — (Y,0) is i-final, (Z,a) a I'-space and g : ¥ — Z is a
function such that g o f is i-continuous. Then, we have 6g~1(B) = Y — 6*(Y — g Y(B)) =
Y= fr i g (2= B) 2Y - F(f g 0t (Z - B)) 2 Y —g o (Z— B)) = g~ \(a(B))
for every B C Z. Thus g : (Y,d) — (Z, a) is i-continuous. Hence f is a final morphism.

Dually, similar to the proof of Theorem B8 and by Lemmas and B, we have the following

theorem.

Theorem 3.10. (1) In the construct T' a mapping f is i-final if and only if it is a final
morphism.
(2) In the construct I', a mapping f is i-final if and only if it is a surjective final morphism.

(3) In any of the constructs 'y, and T piy a mapping f isi-final if it is a bijective final morphism.

By Theorems B8 and B0, the following result holds.

*

., c-final maps are

Corollary 3.11. In the construct I'y., i-final maps and in the construct I’

precisely quotient morphisms.

Proposition 3.12. In the construct I'* or any of its full subcategories the following statements
hold:

(1) Ewvery section (retraction) is c-initial (c-final).
(2) Every c-initial epimorphism is c-final.

(3) Ewvery c-final monomorphism is c-initial.

Proof. Let f: (X,7) — (Y,0) be a mapping in the construct I'* or any of its full subcategories.
Then:

(1): For a retraction g with gof = 1x, we have f~1(6f(A) = g(f(f~1(6f(A)))) C g(6f(A)) C
v9(f(A)) = v(A). For a section g with fog = 1y, we have 6B = f(g(vB)) C f(v9(B)) C
FOfHf(9(B)) = f(vfH(B)).

(2): For all BC Y, we have 6B = f(f~1(0f(f~4(B)))) = f(vf1(B)).

(8): For all A C X, we have /=1 (6/(4)) = f~L(f(+f "1 (F(A))) = 7A.

The following composition-cancellation rules are true in the construct I'* and any of its full
subcategories and their proofs are straightforward:
(1) If each of the composable morphisms f and g is c-initial (c-final), then gof is c-initial
(c-final).
(2) If gof is a c-initial, then f is c-initial, and also g is c-initial provided that f is surjective.

(3) If gof is a c-final, then g is c-final, and also f is c-final provided that g is injective.
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In the following, we are mostly interested in the pullback behaviour of final and initial maps.

A square

(P.o) L (2.p)

(P) fi lg

(Xa ’7) ? (Y7 5)

is a pullback diagram in the construct I'* or any of its full subcategories if and only if P
is a pullback of f along g in Set and « is the c-initial operator with respect to f’ and ¢,
ie, ad = f7YBSf'(A) N g L(yg'(A)) for every A C P [2]. Similarly, the square (P) is
a pullback diagram in the construct I' or any of its full subcategories if and only if P is a
pullback of f along g in Set and a* is the i-initial operator with respect to f’ and ¢, i.e.,
oA = FUB () N gL (v°g(4)) for every AC P.

Now, let the square (P) be a pullback diagram in any case. Then we have the following

results:
Theorem 3.13. (1) If f is c-final and g’ c-initial, then f' is c-final and g c-initial.
(2) If f is i-final and ¢ i-initial, then f' is i-final and g i-initial.
Proof. (1): For all L C Z we have:
BLC g ' (9(BL) € g~ (dg(L)) (g is c-continuous)
=g ' (f(vf N (9(1)))) (f is c-final)
= f"((¢") " (vd' (F)7HL)))
= f'(a(f )" ML) (¢ is c-initial)
C ALY S BEL)  (fis c-continuous),

which shows both, c-finality of f’ and c-initiality of g.
(2): The proof is similar to part (1).

Definition 3.14. A mapping f : (X,7) — (Y, 0) between I'-spaces is called c-quotient if f is a

surjective map which reflects closedness, i.e., B C Y is d-closed whenever f~1(B) is y-closed.
The following result is an immediate consequence of the previous definition.

Proposition 3.15. In any of the constructs I';, I';,, IV, we have:
(1) Ewvery c-final map is c-quotient.

(2) If each of the composable morphisms f and g is c-quotient, then gof is also c-quotient.
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(3) If gof is c-quotient, then g is c-quotient, and also f is c-quotient provided that g is

monic.

Remark 3.16. Let f : X — Y be a surjective map and (X,7) be a I'-space. If we define a
monotonic map 6 on Y by §B = f(vf~1(B)) for every subset B of Y, then f : (X,7) — (Y,6)

is c-final.

Let f: (X,v) — (Y,6) be a c-continuous map. We define 65 : P(Y) — P(Y) by §;(B) =
f(vf1(B)) for every subset B of Y. Clearly, d; is monotone and f is c-final if 6B C §¢(B)
for every subset B of Y. Now we define an ascending chain of functions on P(Y') by putting
09 = id, 6% = 67 00" and &} = J
ordinal 8. Thus, for every subset B of Y we obtain a sequence of subsets of Y, 5?(3 ), 5}(3),

a<B 5;3‘ for every successor ordinal o and for every limit

. The sequence stabilizes, so we have 5;‘0 = 5;“ for some ordinal o. Now we introduce the
notation 5330 = 6? and we say that f is ¢*°-final if 6B C 5?03 and also we have a characterization

of c-quotient maps which was proved in [I3] (see Theorem 3.7).

Theorem 3.17. Let f: (X,v) — (Y,0) be a mapping in I's. Then f is c-quotient if and only
if it is ¢ -final.
Theorem 3.18. Let f: (X,v) — (Y,d) be a mapping in I',.

(1) If f is ¢®-final, then it is a quotient morphism.

(2) If f is an injective quotient morphism, then it is ¢*°-final.

Proof. (1): Let f be ¢>-final. By definition of 6%, we have §;(Y) = f(vf~1(Y)) = f(v(X))
f(X), (5J2f(Y) = 0;(f(X)) € 0p(Y) = f(X),...,65(Y) € f(X). Thus we have Y = ¢V
07°(Y) = 63(Y) € f(X), and hence f(X) =Y, so that f is surjective. Now let (Z, ) be a

I'-space and also g : Y — Z be a function for which gof is c-continuous. For all C C Z, we

N

have

3r(g~ () = fF(rfHg7H(C))) C F(fH g7 (@0))) = g~ (aC).

53 (g71(C)) S op(g~ 1 (aC)) = fF(vf g™ (aC))) C f(f g™ (@?0))) =

91 (aC),...,6¢(g7H(C)) € g~ (aC).

Thus we have 6(¢g~1(C)) C 5;0(9*1(0)) = 5;(g*1(0)) C g !(aC), which shows that g :
(Y,6) — (Z,«) is c-continuous. Thus f is a final morphism.

(2): Since f is injective, it follows that 5? is idempotent for every ordinal «. Thus by Theorem

B14, the result holds.

4. CLOSED AND OPEN MORPHISMS

In this section, we study the notions of closed and open morphisms with respect to closure

and interior operators.
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Definition 4.1. A mapping f : (X,7) — (Y,9) between I'-spaces is called:
(1) c-closed or T'-preserving if f(vA) = §f(A) for all subset A of X;
(2) c-open or T-reflecting if f~1(6B) = vf~1(B) for all subset B of Y;
(3) i-closed or I'*-preserving if f(v*A) = §* f(A) for all subset A of X;
(4) i-open or T*-reflecting if f=1(6*B) = v*f~(B) for all subset B of Y.

It is easy to show that c-open and c-closed maps are c-continuous and ¢-open and i-closed
maps are i-continuous. The following lemma shows that c-open and i-open maps are both

c-continuous and ¢-continuous.
Lemma 4.2. A mapping [ : (X,v) — (Y,9) between I'-spaces is c-open if and only if it is
1-0pen.
Proof. For every B C'Y we have:
FHOB) =7 f1(B) & fH(Y —8(Y = B)) = X —y(X — f7(B))
& [THO(Y = B)) = (X — f71(B)
& [THO(Y = B)) =+(f~'(Y - B))

& [7H(6B) =vf7(B).

Theorem 4.3. (1) If f : (X,7) = (Y,0) is c-closed in I'* or any of its full subcategories,
then f maps vy-closed subsets to §-closed subsets.

(2) Let f: (X,v) = (Y,0) be a c-continuous mapping in any of the categories I'}, and

Tie-

(3) If f : (X,v) — (Y,9) is i-closed in I' or any of its full subcategories, then f maps

Then f is c-closed if and only if f maps y-closed subsets to §-closed subsets.

~v*-closed subsets to 0*-closed subsets.
(4) Let f: (X,v) — (Y,0) be an i-continuous mapping in any of the categories T';, and
Trir. Then f is i-closed if and only if f maps v*-closed subsets to 0*-closed subsets.

Proof. (1): Let A be a 7-closed subset of X. Then df(A) = f(vA) C f(A). Thus f(A) is a
0-closed subset of Y.

(2): Let f:(X,v) — (Y,d) be a c-continuous mapping such that f maps -closed subsets to
0-closed subsets. Then for every subset A of X, yA is y-closed, so f(vA) = df(7A). Since 7 is
enlarging, it follows that f(vA) 2 §f(A). On the other hand, by c-continuity f(yA) C d0f(A).
Hence f(yA) = 0f(A) for every subset A of X. Thus by part one the result holds.

The proof of parts (3) and (4) is similar to parts (1) and (2).
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Now, by Theorem B=3, the following result holds.

Corollary 4.4. Let f: (X,7) — (Y, 0) be a continuous mapping in any of the categories Top
and GenTop. Then f: (X,c;) = (Y,¢p) is c-closed if and only if f maps c.-closed subsets
to cy-closed subsets; and f: (X,i;) — (Y,iy) is i-closed if and only if f maps (i = ¢;)-closed

*

¥ = co)-closed subsets. Thus f is c-closed or i-closed if and only if f is a closed

subsets to (i

map.

Theorem 4.5. (1) If f : (X,vy) = (Y,0) is c-open in I'* or any of its full subcategories,
then f maps v*-open subsets to 0*-open subsets.
(2) Let f : (X,v) = (Y,0) be a c-continuous mapping in any of the categories I'}, and
IY,.. Then f is c-open if and only if f maps v*-open subsets to 0*-open subsets.
(3) If f : (X,v) = (Y,0) isi-open in I or any of its full subcategories, then f maps v-open
subsets to d-open subsets.
(4) Let f : (X,v) — (Y,9) be an i-continuous mapping in any of the categories I';, and

Tpir. Then f is i-open if and only if f maps v-open subsets to d-open subsets.

Proof. (1): Let A be a y*-open subset of X. By Lemmas 22 and 83, f : (X,~v*) — (Y, %) is
c-continuous, so f(A) C f(y*A) C §*f(A). Thus f(A) is a §*-open subset of Y.

(2): Let f : (X,y) — (Y,9) be a c-continuous mapping such that f maps v*-open sub-
sets to d*-open subsets. Then for every subset B of Y, v*f~!B is y*-open, so v*f~}(B) C
Yy fYB)) = f~Y&*f(v*f~H(B))) € f~1(6*B). On the other hand, by i-continuity
(X, v*) — (Y,6%), we have f~1(6*B) C v*f~1(B). Hence f~1(6*B) = v*f~1(B) for every
subset B of Y. By Lemma B2, f is c-open. Thus by part one the result holds.

The proof of parts (3) and (4) is similar to parts (1) and (2). ¢

Corollary 4.6. Let f: (X,7) = (Y,0) be a continuous mapping in any of the categories Top
and GenTop. Then f : (X,¢;) — (Y,¢,) is c-open if and only if f maps (c& = ir)-open

T

subsets to (¢ = is)-open subsets; and f : (X,i;) — (Y,is) is i-open if and only if f maps

ir--open subsets to i,-open subsets. Thus f is c-open or i-open if and only if f is an open map.

The following propositions hold in I'* and any of its full subcategories and proofs are straight-

forward:

Proposition 4.7. (1) BEwvery c-closed and c-open monomorphism is c-initial.
(2) Every c-closed and c-open epimorphism is c-final.
(3) Every c-initial epimorphism is c-closed and c-open, equivalently, every c-final

monomorphism has this properties.
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Proposition 4.8. (1) If each of the composable morphisms f and g is c-closed (c-open),
then gof is c-closed (c-open).
(2) If gof is c-closed (c-open), then g is c-closed (c-open) provided that f is surjective.
(3) If gof is c-closed (c-open), then f is c-closed (c-open) provided that g is monic.

In the following, we study the pullback behaviour of c-closed and c-open maps. Hence, let
the square (P) be a pullback diagram in I'* or any of its full subcategories. Then we have the

following results:

Theorem 4.9. (1) If f is c-closed (c-open) and g’ c-initial, then f' is c-closed (c-open).
(2) If f" is c-closed (c-open) and g c-final, then f is c-closed (c-open).

Proof. (1. c-closed): For all K C P we have:
B (K) C By Hg(f(K)) C g (g9(f(K))) (f is c-continuous)
=g '(6f((¢'(K))))

=g ' (f(vd'(K))  (f is c-closed)

= f'(aK) (¢’ is c-initial).

(2. c-closed): For all A C X we have:
0f(A) =g(Bg~"(f(4))  (gis c-final)

= 9(Bf'(¢")71(A)

= g(f'(a(g)) "' (A))) (f"is c-closed)

= f(g'(alg") 71 (A)))

C f(vg'(¢) " (A)) (¢ is c-continuous)

C f(vA).

(1. c-open): For all L C Z we have:
(f)~1BL) < ()1 (Bg H(9(L))

C (f) g™ (d9(L)) (g is c-continuous)
= (¢)" 1 (f 1 (69(L))
= ()1 (vf N g(L)) (f is c-open)
=(¢") " (vd' (F) 1))
=a(f )M (L) (¢ is c-initial).
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(2. c-open): For all B CY we have:

f'0B) = fH9(Bg~ (B))) (g is c-final)
=4'(f) " (Bg~'(B))

=g'(a(f)" (g7 (B))) (fis c-open)

C¢((¢)" (v~ (B))) (g is c-continuous)

5. CONCLUSION

In this paper, we have given some isomorphic and generalized categories of the category Top
of topological spaces and the category GenTop of generalized topological spaces in terms of
F*

closure operators as I'*, I';, I'7,, I'Y,.; and in terms of interior operators as I', I'y, Iy, I'njp.

ie
We have studied the properties of some classes of morphisms such as final, initial, closed and
open morphisms with respect to closure operators by defining c-final, c-initial, c-closed, c-open
maps; and with respect to interior operators by defining i-final, i-initial, i-closed and i-open
maps, respectively. It is shown that the categories I7,;, and I's; are convenient isomorphic
categories of Top; and the categories I';, and I';, are convenient isomorphic categories of

GenTop.
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