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Abstract

In the present paper, new concepts of generalized continuous mappings, hamely
E. and J-B.-continuous mappings have been introduced and studied by using a new
generalized of open sets E. and o-B.-open sets ,respectively. Several
characterizations and fundamental properties of these forms of generalized
continuous mappings are obtained. Moreover, the graphs of E.-continuous and J-3-
continuous mappings have been investigated. In addition, the relationships among
E.-continuous and o-R.-continuous mappings and other well-known forms of
generalized continuous mappings in topological spaces are also discussed.
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Keywords: J-B.- continuous maps, d-f.-open sets, E.-continuous mappings, E.-
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INTRODUCTION
Generalized open and closed sets play very a prominent role in general topology and its
applications. Many topologists are focusing their research on these topics and this has
mounted to many important and useful results. Indeed, a significant theme in General
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topology, Real analysis and many other branches of mathematics concerns the variously
modified forms of continuity utilizing generalized open and closed sets. Several variants of
continuity and generalized continuity occur in the lore of mathematical literature and
applications of mathematics. New classes of generalized open sets in a topological space,
called &-R-open sets or e™-open sets and some of their properties have been obtained by E.
Hatir and T. Noiri [1] and Erdal. E. [2]. In [3] Hariwan. Z. |. presented a new class of b-open
sets called B¢-open, this class of sets lies strictly between the classes of 6-semi open sets and
b-open sets. Moreover, Alias B. K., Zanyar A. A. [4] introduced a new class of sets, called
Sc-open sets and investigated some properties of Sc-continuity and Zanyar A. A., [5]
introduced a new class of sets called Pc-open sets, and investigated some properties of Pc-
continuity. Ayman. Y. M., [6] also studied new classes of sets called f.-Open sets which
contained in the class of p-open sets and contains the class of B¢-open sets . He introduced
Bc-continuous functions as a new class of continuous functions and gave characterizations of
these functions.
Recently, many researchers have studied different forms of generalized continuous mappings.
Humadi, N. K. and Ali, H. J. [7] introduced new classes of functions called perfectly supra
continuous functions, supra continuous, supra open and supra closed functions.
As well a new strong form of continuity and several fundamental properties concerning this
type of continuous mapping were obtained by Alaa M. F. Al. Jumaili,...etc in [8].
The motivation of the present paper is to introduce and study new classes of generalized
continuous mappings called E; and d-3.-continuous mappings utilizing the new generalized of
open sets called, E; and o6-; -open sets, respectively. Some essential characterizations and
interesting properties are obtained. Furthermore, the relationships among E. and J-f3-
continuous mappings and other well-known types of generalized continuous mappings are
discussed.

2. PRELIMINARIES
Throughout this paper, (X, T) and (Y, T") (or simply X and Y) mean topological spaces on
which no separation axioms are assumed unless explicitly stated. For any subset A of X, The
closure and interior of A are denoted by CI(A) and Int(A), respectively.
We recall the following required definitions and results of generalized open sets, which will
be used throughout this paper.
Definition 2.1: Let (X, T) be a topological space (Top-Sp, briefly) a subset A of X is said to
be:
(a) Regular-open (resp. regular closed) [9] if A = Int(CI(A)) (resp. A = CI(Int(A))).
(b) o-open [10] if for each x € A there exists a regular open set V (s. t) x € V € A. The ¢-
interior of A is the union of all regular open sets contained in A and is denoted by Ints(A). The
subset A is called d-open [10] if A = Ints(A). A point x € X is called a o-cluster point of A [10]
if AN Int(CI(V)) # ¢, for each open set V containing x . The set of all o-cluster points of A is
called the d-closure of A and is denoted by Cl;(A). If A = Cls(A)), then A is said to be J-
closed [10]. The complement of - closed set is said to be J-open set.
Definition 2.2: A subset A of a Top. SP X is called J-open set [10] if for all x € A there exists
an open set G (s. t), x € G < Int(CI(G)) < A. The family of all 9-open sets in X is denoted by
02 (X, T).
Remark 2.3: The family of all regular open sub-sets of X that contains a point x € X is
denoted by RX(X, x), The family of all regular open sets in X is denoted RX(X, T).
Definition 2.4: Let (X, T) be a Top. Sp. Then we have the following:
(a) A sub-set A of a space X is called E-open [11] if A € Ci(5-Int(A)) U Int(6-CI(A)). The
complement of an E-open set is called E-denoted. The intersection of all E-closed sets
containing A is called the E-closure of A [11] and is denoted by E-CI(A). The union of all E-
open sets of X contained in A is called the E-interior [11] of A and is denoted by E-Int(A) .
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(b) A subset A of a space X is called J-B-open [1] or e -open [2], if A S Cl(Int(5-CI(A))), the
complement of a o-R-open set is called o-B-closed. The intersection of all 5-R-closed sets
containing A is called the 6-R-closure of A [6] and is denoted by 6-B-CI(A). The union of all o-
R-open sets of X contained in A is called the J--interior [1] of A and is denoted by oJ-i-
Int(A) .

Remark 2.5: The family of all E-open (resp. E-closed, J-R-open, J-R-closed) subsets of X
containing a point xe X is denoted by EX(X, x) (resp. EC(X, X), 0-82(X, X), 6-BC(X, X)). The
family of all E-open (resp. E-closed, J-B-open, J-R-closed) sets in X is denoted via EX(X, T)
(resp. EC(X, T), 0-p2(X, T), -BC(X, T)).

Definition 2.6: Let (X, T) be a Top. SP, then we have the following:

(a) A subset A of X is said to be #-open set [10] if for all x € A there exists an open set G
such that x € G € CI(G) € A that means a point x € X is called a 0-cluster point of A if CI(V)
N A # ¢ for every open subset V of X containing X. The set of all 6-cluster points of A is
called the d-closure of A and is denoted by Cly(A). If A = Cly(A), then A is said to be #-closed
[10]. The complement of a #-closed set is said to be #-open. The family of all #-open set s in
X is denoted by 0X(X, T) .

(b) A subset A of X is said to be #-Semi-open [12] if for all x € A there exists a semi-open
set G (s. 1), x € G € CI(G) < A. The family of all 8-Semi-open sets in X is denoted by 6SX(X,
).

Remark 2.7: The collection of 9-open sets in a Top. SP. X forms a topology T, which is
coarser than T. In addition, the family of J-open set in a Top-sp X forms a topology Ts (s. t) Ts
cT.

Proposition 2.8: [13] A Top. SP. (X, T) is Regular iff T, =T.

Definitions 2.9: A Top. Sp. (X, T) is said to be:

(a) An extremely disconnected ( A locally indiscrete) [14] if the closure of every open set of
Xisopen in X (if and only if every open set is closed).

(b) A regular space [15] if for each x € X and for each open set G containing X, there exists
an open set K (s. t), x € K € CI(K) € G.

(c) Alexandroff space [16] if any arbitrary intersection of open sets is open.

Remark 2.10: A space X is Alexandroff space if and only if an arbitrary union of closed sets
is closed.

Remark 2.11: We have the following diagram in which the converses of implications need
not be true, see the examples in [17], [11] and [2] .

—»| openset |—»| a-open |—»| Preopen »| b-open
! v
Regular -~
open > o-Preopen f-open
J-open |—¥»| J-semiopen E-open > J-p-open

Figure 2.1-The relationships among some well-known generalized open sets in Top-Sp.

Lemma 2.12: [18] Let X be a space and A, B € X, if A € 62(X) and B € EX(X)(resp. B € &-
RE(X)) then, A N B € EX(X)(resp. A N B € §-52(X)).

Lemma 2.13: [19] If A< X € xand X € EX(X, T) (resp. X" € 5-82(X, T)),then A € EX(X, T)
(resp. A € 0-2(X, T)) & A€ EX(X', T) (resp. A € 5-8=(X", T)).

Lemma 2.14: [11, 17] If U € EX(X) (resp. 0-52(X)) and V € EX(Y) (resp. 0-2(Y)), then UxV
€ EX(XxY) (resp. o2 (XxY)).
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Theorem 2.15: [20] Let (Y, Ty) be a sub-Sp of (X, T). If Ais a closed sub-set in Y and Y € X,
then A is closed in X.
Theorem 2.16: [15] Let (X, Tx) and (Y, Ty) be Top. Sp, and XxY be the product topology, and
let (a, b) be any point in the product Top. Sp, XxY. Then, we have the sub-space X x {b} is
homeomorphic to X and the sub-Sp {a} x Y is homeomorphicto Y.
Proposition 2.17: [15] every regular, T;-Sp. is Urysohn and every Urysohn space is
Hausdorff space.
Proposition 2.18: [11, 17] the following properties hold for a space X:
(a) The arbitrary union of any family of E-(resp. J-3)-open sets in X, is an E-(resp. J-13)-open
set.
(b) The arbitrary intersection of any family of E-(resp. 6-R)- closed sets in X, is an E-(resp. o-
R)-closed set.

3. CHARACTERIZATIONS OF (E;) AND (6-3;)-OPEN SETS
In this section, new classes of E-open and J-3-open sets called E.-open and J-f3.-open sets are
studied and several characterizations concerning these forms of generalized open sets are
obtained. Furthermore, the relations among E..(resp. J-Bc)-open sets and other forms of
generalized open sets are discussed.
Definition 3.1: Let (X, T) be a Top-sp. A subset A of X is said to be:
(a) Bc- open [3] if for all x € Ae BO(X, T), there exists a closed set F (s.t), x €F CA.
(b) Sc- open [4] if for all x € A € SO(X, T), there exists a closed set F (s. t),x € F CA.
(c) Pc-open [5] if forall x €A € PO(X, T), there exists a closed set F (s. t), x €F CA.
(d) Bc-open [6] if forall x € A€ BO(X, T), there exists a closed set F (5. t), x €F CA.
The family of all B¢-open, Sc-open, Pc.-open and [3.-open sets in X are denoted by BCX(X),
SCZ(X), PCX(X) and BCX(X),respectively.
Definition 3.2: Let (X, T) be a Top. SP. A sub-set A of X is said to be:
(a) Ec-open set if for all x € A € EX (X, T), there exists a closed set F (s. t), x € F € A. The
family of all Ec-open sub-sets of (X, T) is denoted by ECX(X, T) or ECX(X).
(b) o-Rc-open set if for all x € A € 0-82(X,T), there exists a closed set F (s. t), x e F € A. The
family of all 6-3; -open subsets of (X, T) is denoted by J-8CX(X, T) or 5-SCX(X).
A sub-set F of a space (X, T) is said to be E. (resp. 0-R;)-closed set when X\ F € ECX(X, T)
(resp. o-CX(X,T)).
Remark 3.3: The family of all E-(resp. d-13¢)-closed sub-sets of (X, T) is denoted by ECC(X,
T) OR ECC(X) (resp. -RCC(X, T) OR §-BCC(X)).
Theorem 3.4: Let (X, T) be a Top. Sp. A subset A of X is E..(resp. 6-Rc)-open set if and only
if Ais E- (resp. 0-R)-open set it is a union of closed sets. That is A = U F, where A is E-
(resp. o-B)-open set and F; closed sets for all A.
Proof: Let (X, T) be a Top-Sp. and A be a E. -(resp. o-¢)-open set. Then, A is E- (resp. 5-)-
open and for all A € A there exists aclosed F;, inX that means A€ F, € Aimplies U e
nFi €A S Uj en Fi. Hence, A = U en) F, where F, closed sets for all A € A. The converse
is directly followed from the definition of E- (resp. 6-c)-open sets.
Remark 3.5: From the respective definitions, the relationships among E..(resp. 6-3c)-open
sets and other well-known forms of generalized open sets are shown in the following figure:
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Regular open set 0-open set Regular closed set
v v v
J0-open set »| Semi-0-open set | 0-Semi-open set
v v \ 4
a-open set »| Semi-openset |« Sc-open set
v v A 4
P.-open set »| Pre-open »| b-openset |« b.-open set |« P.-open
v v \ 4
J-Pre-open R-open set [« R.-open set
A\ 4 \ 4 \ 4 v v
E.-open »| E-open set » J-B-open |« o-B.-open |« E.-open

Figure 3.1-The relationships among Ec-(resp. 0-R;)-open sets and other well-known types of
generalized open sets

However, none of these implications is reversible as shown via examples of [2,3,4,5,6 , 11]
and the following examples:

Examples 3.6: Let X ={X, y, w, z} and let T = {o, {x}, {w}, {X, v}, {x, w}, {X, y, w}, {X, w,
z}, X}. Then the family of all closed subsets is: T° = {X, {y, w, z}, {x, y, z}, {w, z}, {y, z}, {z},
{y}, ¢}.Thus:

I. The set {y, w} is E-open. However, it is not Ec-open set.

ii. The set {y, w, z} is Ec-open set . However, it is not Sc-open and not Pc-open, it is also
neither be-open nor R.-open set.

iii. The set {y, z} is 0-B.-open set but it is not Ec-open not Sc-open. Also, it is not P.-open and
neither be-open nor Rc-open set.

iv. Let X={x, y, w, z, s} and let T = {o, {X, y}, {w, z}, {X, », w, z}, X}. Then the family of all
closed subsets is: T = {X, {w, z s}, {x, y, s}, {s}, ¢}.Then, the sub set {x, s} is J-R-open but
it is not o-R¢-open set.

Theorem 3.7: If a Sp. (X, T) is T1-Sp, then the families EX(X) (resp. 6-2(X)) are identical to
the families ECX(X) (resp. 0-fCZ(X)) that means EX(X) (resp. 0-f2(X)) = ECX(X) (resp. o-

BCXX)).
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Proof: Let (X, T) be a Top-sp and A be any subset of a space. X (s. t) A € EX(X) (resp. o-
32(X)), there are two cases, if A=, ¢ s0 A € ECX(X) (resp. o-fC2X(X)), if A # ¢, Since a sp. X
is Ty, then every singleton is closed set and hence Vv x € A we get x € {x} € A. thus, A €
ECX(X) (resp. 0-8CX(X)), so EX(X) (resp. 0-52(X)) S ECX(X) (resp. 0-SCX(X)), but
generally, ECX(X) (resp. 0-BCX(X)) € EX(X) (resp. -5 (X)), therefore: EX(X) (resp. 0-2(X))
= ECZ(X) (resp. o-5CX(X)).

Now we show that in any Top-Sp(X, T) the arbitrary unions of E; (resp. J-B;)-open sets is E¢
(resp. J-R¢)-open.

Theorem 3.8: Let (X, T) be a Top. SP and {A,- 1 €4} be a family of E (resp. J-R.)-open sets
inasp X. Then U {A;: 1 €4} is E¢ (resp. o-3c)-open.

Proof: suppose that {A,- 1 €4} be a collection of E. (resp. J-8.)-open set for all A € A, then A;
is E (resp. o-R)-open set vV A and so via (Proposition 2.18), U {A;: 4 €4} is E-(resp. J-R)-open.
If X € U {Ai: A € A} there exits A € 4 such that x € Ax. Since A, is Ec-(resp. J-B¢)- open for
all X € A, there exits a closed set F such that X €EF €A, CUp ey A= X EF S Uy eny A
so U{A.: 1 €4} is Ec.(resp. 6-BB¢)-open set.

Theorem 3.9: Let (X,T) be a Top. Sp and {Ax: L € A} be a family of E.-(resp. 6-R)-closed
sets in a space X. Then N {A;: A €4} is E¢- (resp. o-f3¢)-closed.

Proof: The proof is obvious, it follows from Theorem 3.8 and using De Morgan's Law.
Theorem 3.10: A subset A of a space (X, T) is E (resp. 0-B¢)-open set if and only if for all x
€ A3J aE;-(resp. o-B;)-openset B (s.t) x e B € A.

Proof: The proof is obvious it follows from the Definition (3.2) and Theorem 3.9.

Remark 3.11: If a space (X, T) is T1-Space, then T € ECX(X) (resp. 0-3CX(X)), since every
open set is E-(resp. 0-R)-open.

Theorem 3.12: Let A be a sub set of a space X, if A is a -open set. Then A is E.- (resp. 6-3)-
open set.

Proof: suppose that A is 8-open set in X, then for all x € A there exists an open set Gy (S. t):
X € Gy € CI(Gy) € A, 50 Ux emy{X}EUix ea) Cx € U en) CI(Gx ) EA = A = Ux eny Gy, Which
means A is a union of open sets and therefore A is open set, thus A is E- (resp. J-R)-open, as
well A = U e a) CI(Gx) which is a union of closed sets, hence via Theorem (3.4) we get A is
Ec- (resp. o-13;)-open set.

The following example explains that the converse of Theorem-(3.12) need not be true in
general .

Example 3.13: because any space X with the co-finite topology is Ty, so the families of EX(X)
(resp. 0-52(X)) are identical to the families of ECX(X) (resp. 6-SCX(X)), therefore any open
set G is Ec- (resp. -R;)-open . However, it is not #-open set since G = X, for all open sub-set
G of X.

Theorem 3.14: Every regular closed subset in a space (X, T) is 6-Bc.-open set.

Proof: suppose that A is regular closed sub-set in X, thus A = CI(Int(A)), but CI(Int(A)) <
Cl(Int(o-CI(A))) = A is o-B-open. Now, since A is closed, then via definition-(3.2), A is 6-13-
open set.

Theorem 3.15: If X is a locally indiscrete space, then every semi-open set is J-3.-open set.
Proof: Assume that A is semi-open sub-set in X, thus A < CI(Int(A)) < Cl(Int(CI(A))) <
Cl(Int(5-CI(A))) = A is 0-R-open set. Since X is locally indiscrete = Int(A) is closed and A <
CI(Int(A)) = Int(A) = A is open set and for all x € A implies x € Int(A) € A. Thus, via
Definition 3.2-part-ii, we get A is J-R.-open set.

Theorem 3.16: Let X be a Top. Sp, if X is Regular space, then every open set is a E. -(resp. o-
Rc)-open set.

Proof: suppose that A is any open subset of X, so A is E- (resp. -3)-open. There are two
cases, namely if A = ¢, thus A € ECX(X) (resp. 0-8CX(X)), if A = ¢, since X is regular, then
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via Definition (2.9), for all x € A € X there exists An open set G (s. t), x € G € CI(G) € A.
So, x € CI(G) < A. Therefore, via Definition (3.2), we have T € ECXZ(X) (resp. 0-SCX(X)).
Theorem 3.17: Let (X, 7) be a Top. Sp and A, B € X. If A € ECX(X) (resp. A € §-CX(X)),
and B is o-clopen, then A N B € ECX(X)(resp. A N B € 6-RCX(X))

Proof: Suppose A € ECX(X) (resp. A € 5-5C2(X)), and B is ¢ clopen , thus A is E-(resp. J-i)-
open and B is d-open, so via Lemma-(2.12), we get A N B € EX(X)(resp. AN B €0-RX(X)) .
Now let x € A N B, implies x € A and x € B so, since A is E; (resp. 6-3c) open implies that
there exists aclosed set F (s.t) x € F € A ,thusx € F N B € A N B. Since B is d-clopen set,
hence B is o-closed and consequently B is closed set , this implies F N B is closed set.
Therefore, A N B € ECZ(X)(resp. A N B € 8-BCZ(X)).

Theorem 3.18: Let (X, T) be a Top. Sp and A € X. If Ais a clopen set, then A € ECX(X)
(resp. A € 6-5CX (X))

Proof: It is straightforward, thus it is omitted .

Theorem 3.19: The following statements are equivalent for a subset A of a space (X, T) :

1) A is clopen set.

i) A is Ec-(resp. 6-3c)-open set and closed.

i) A is E-(resp. 6-3)-open set and closed.

Proof: The proofs are obvious, thus they are omitted.

Theorem 3.20: let (Y, Ty) be a subspace of a space X, if A € ECX(X) (resp. A ¢-CX(X)) and
ACY (s.t) Y is E-(resp. o-R)-open, then A€ ECX(Y) (resp. A € 6-CX(Y)).

Proof: Let A € ECX(X) (resp. 5-SCX(X)) = A € EX(X) (resp. 0-2(X)). Since AC Y and Y is
E-(resp. o-13)-open, thus via Lemma-(2.13) A is E-(resp. J-B)-open in sub-Sp Y, as well.

For all x € A there exists aclosedset F € X (s.t) x € F € A. Since AC Y = F is closed set-
in sub-Sp Y. Hence A € ECX(Y) (resp. A € 6-3CX(Y))

Theorem 3.21: let (Y, Ty) be a subspace of a space X, if A€ ECX(Y) (resp. A € 5-CZ(Y))
and Ac Y and Y is clopen, then A € ECX(X) (resp. A € J-SC2(X)).

Proof: Let Ae ECX(Y) (resp. 0-BCX(Y)) = A € EX(Y) (resp. 6-52(Y)), and for all x € A there
exists aclosedset F e Y (s.t)x € F € A. Since Y is clopen so that Y is EX(X) (resp. 0-82(X))
and since A € EX(Y) (resp. 0-82(Y)), then via Lemma-(2.13), A € EX(X) (resp. d-52(X)).
Moreover, since Y is clopen = Y is closed in X and since F is closed in Y, hence via
Theorem-(2.15) F is closed set in X. So A € ECX(X) (resp. A € 6-CX(X)).

Corollary 3.22: Let A and Y be any sub-sets of a space X (s.t) AC Y € X and Y is clopen
set. Then A € ECX(Y) (resp. A € 6-CX(Y)) iff A € ECX(X) (resp. A € 0-SC2(X))

Proof: The proof follows from Theorems (3.20) and (3.21).

Corollary 3.23: Let A and Y be any sub-sets of a space X. if A € ECX(X) (resp. A € o-
BCZ(X)) and Y is -clopen subset of X. Then A N YE ECZ(Y)(resp. AN Y € 0-RCX(Y)).
Proof: Let A € ECX(X) (resp. 5-SCX(X)) and Y is o-clopen of X = A € EX(X) (resp. -5 (X))
and Y is ¢-open and o-closed of X, so via Lemma-(2.12), ANY € EX(X)(resp. AN Y € o-
RX(X)).Since A € ECX(X) (resp. 6-8C2(X)) = Vx € AJaclosedset FinX (s.t)xeFCS A
thus, x EFNYCSANY=ANY €ECZX)(resp. ANY € o-BCXZ(X)) (s.1),ANYCY.
Hence via Theorem (3.20), ANY € ECZ(Y)(resp. ANY € J0-BCZ(Y)).

Theorem 3.24: Let (X, Tx) and (Y, Ty) be Top. SP and XxY be the product Top. If A €
ECX(X) (resp. A € 9-CX(X)) and B € ECX(Y) (resp. A € 5-8CZ(Y)) then, AXB € ECX(XXY)
(resp. Ax B € 9-CX(X%Y))

Proof: suppose that(x, y) € AXB = x € Aand y € B. Since A € ECX(X) (resp. ¢-5C2(X)) =
A € (X) (resp. 0-f2(X)) =V x€eAJaclosedset Fin X (s.t)xe F S A,

Since B € ECX(Y) (resp. 0-BCX(Y)) = B € (Y) (resp. 0-52(Y)) = Vy € B3 aclosed set E in
Y (s.t)y e EC B, so(x,y) € FXE € AxB, and via Lemma (2.14) A x B € EX(XXY) (resp.
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AXB € J-$2(XxY)).Since F and E are closed in sp. X and Y respectively, we get FxE is
closed in XxY. Thus, AXB € ECX(XxY) (resp. A x B € J-SCX(XxY))

4. CHARACTERIZATIONS OF E-(6-R;)-CONTINUOUS MAPPINGS
In this section, we introduce and investigate new classes of continuous mappings that are
called E.-(0-R)-continuous mappings via new generalized open sets. Some characterizations
and several properties concerning these types of continuous mappings are obtained.
Moreover, the relationships among E¢-(J-Rc)- continuous mapping and other well-known
forms of generalized continuous mappings are discussed.
Definition 4.1: Let (X, T) and (Y, T') be two Top-Sp The mapping f: X — Y is called E¢-(J-
Rc)- continuous mapping at a point x € X if for all open set V of Y containing f (x), there
exists an Ec-(resp. 0-Bc)-open set U of X containing x (s. t) f (U) € V . If fis E-(5-1¢)-
continuous at each point x € X, then it is called E¢-(J-¢)- continuous.
Definition 4.2: A mapping f: (X, T) — (Y, T") is said to be:
i) E- Continuous 11], if f ~'(V) is E-open in X for every open subset VV of Y.
i) 5-B- Continuous [17], if f "'(V) is 6-R-open in X for every open subset V of Y.
iii) Perfectly (clopen)- continuous [21],if f (V) is clopen in X for every open subset V of Y.
iv) Contra-Continuous [22], if f (V) is closed in X for every open subset V of Y.
v) Strongly 6-Continuous [23], if f (V) is 6-open in X for every open subset V of Y.
vi) RC- Continuous [24], if f (V) is regular closed in X for every open subset V of Y.
vii) Semi- Continuous [25], if f (V) is semi-open in X for every open subset V of Y.
viii) 8S-Continuous [26], if f (V) is 6-semi open in X for every open subset V of Y.
iX) Sc- Continuous [4], if f (V) is Sc-open in X for every open subset V of Y.
X) Pc- Continuous [5], if f (V) is Pc-open in X for every open subset V of Y.
Xi) Re- Continuous [6], if f (V) is R.-open in X for every open subset V of Y.
xii) 8- Continuous [27], if f (V) is B-open X for every open subset V of Y.
Theorem 4.3: A mapping f: (X, T) — (Y, T") is E.-(6-B¢)- Continuous iff the inverse image of
every open set in Y is Ec-(6-Rc)-open set in X.
Proof: (=) Let f be E.-(5-Rc)- Continuous mapping and V be an open set in Y. there are two
cases: First if f '(V) = ¢ = f (V) is Ec-(5-B¢)-open set in X. Second if f '(V) # ¢ = for all
x € f (V) = f (x) € V. Thus, by E-(6-R.)-continuity, there exists E.(5-R.)-open set U € X
containing x (s. t), f(U) € V. So, x € U < f ™ (V). Hence, via Theorem (3.10), we get f "'(V) is
Ec-(5-3;)-open set in X.
(&) Suppose that the inverse image of every open sub-set in in Y is Ec-(0-Bc)-open set in X
and let V be an open set in Y containing f(x). Then, x € f * (V) which is E-(5-8c)-open set via
our supposition and f (f ~'(V)) € V . Therefore, f is E.-(-R.)- Continuous mappings.
Corollaries 4.4: Let (X, T) be a Top- sp. Then the following are hold:
i) Every P, Continuous mapping - is Ec-Continuous.
i) Every E.- Continuous mapping is £-Continuous.
iii) Every E- Continuous mapping is 0-B-Continuous.
iv) Every E¢- Continuous mapping is J-8.-Continuous.
V) Every Sc- Continuous mapping is B.-Continuous.
vi) Every R.- Continuous mapping is R-Continuous.
vii) Every B.- Continuous mapping is 6-¢.-Continuous.
viii) Every 6-R¢- Continuous mapping is 6-3-Continuous.
Proof: The proof of the above corollaries is obvious, and it is followed from their respective
definitions .
Remark 4.5: From the respective definitions, the among E¢-(J-B;)- Continuous mappings and
various other well-known forms of generalized continuous mapping are shown in the
following figure:
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P.-Continuous [<=] St. 8-Continuous 0-Semi-Continuous

\ 4 v v

Pre-Continuous Semi-Continuous [*=| S.—Continuous

v v v

E.-Continuous |[|=»| R-Continuous |€=] R.-Continuous

l v v v

E-Continuous |=%| oJ-R-Continuous J-B.-Continuous

Figure 4.1-The relationships among E..(5-3;)-Continuous mapping and various other well-
known forms of generalized continuous mappings

However, none of these implications is reversible as shown via examples of [4, 5, 6] and the
following examples:

Example 4.6: Let X =Y={a, b, c, d}, define a topology T = {¢p, X, {a}, {b}, {a, b}} on X and
atopology T = {p, Y, {c}, {d}, {c, d}} on Y and let f: (X, T) — (Y, T') be mapping defined as
follows: f(a) =d, f (b) =c, f(c) =b and f(d) =a. Then

1) f is E- Continuous mapping but not E.- Continuous mapping because {c} is an open set in Y
but f *({c}) = {b} which is not E.-open set in X.

2) fis 6-R- Continuous mapping but not J-B.- Continuous mapping because {d} is an open set
in Y but f *({d}) = {a} which is not -RB¢-open in X.

Example 4.7: Let X = {a, b, c} and define a topology T = {¢p, X, {a}, {b}, {a, b}} on X. Then
the identity mapping f: (X, T) —(X, T) is o0-B-Continuous mapping which is not E-
Continuous because {b} is an open set in X but f *({b}) = {b} which is not E.-open set in X.
Example 4.8: LetX={x,y,w,z}andY = {a, b, c, d}, define a topology T = {¢, X, {x },
fw}, {x,, y3{x,, whix,, y, wh{x,, w, z}} on X and a topology T" = {o, Y, {a, b}} on Y and f: (X,
T) — (Y, T') be mapping defined as follows: f (x) = ¢, f (y) = a, f (W) = d and f(z) = b. Then
1) f is 6-B- Continuous mapping which is not E- Continuous mapping because {a, b} is an
open set-in Y but f *({a, b}) = {y, z} which is not £-open set in X.

2) fis 0-B¢- Continuous mapping which is not E.- Continuous mapping because {a, b} is an
open set in Y but f *({a, b}) = {y, z} which is not Ec-open set in X.

3) f is 9-B.- Continuous mapping which is not .- Continuous mapping because {a, b} is an
open setin Y but f *({a, b}) = {y, z} which is not B.-open set in X.

Example 4.9: Let X ={a, b, c} and Y = {x,, y, z}, define a topology T = {¢, X, {a}, {b}, {a,
b}} on X and a topology T" = {p, Y, {X,, y}} on Y and let f: (X, T) — (Y, T') be a mapping
defined as follows: f (a) = z, f (b) = x, and f(c) =y.
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Then f is E.- Continuous mapping but not P.- Continuous mapping because {x,, y} is an open
setin Y but f *({, y}) = {b, c} which is not Pc-open in X.
Theorem 4.10: Let f: (X, T) — (Y, T') be a mapping whenever X is T, space. Then, f is Ec-(d-
Rc)- Continuous mapping if and only if fis E(5-)- Continuous mapping.
Proof: (=) Suppose that f is £-(5-B)- Continuous mapping whenever X is T1-Sp, then for any
open set V of Y we have, f '(V) is E (resp. 6-R)-open set in X, and via Theorem (3.7), f (V)
is E¢(0-Rc)-open set. Therefore, f is E.-(-Rc)- Continuous mapping.
(&) Assume that f is E¢(0-¢)-Continuous mapping, therefore via Corollary (4.4-part(ii) and
(viii)), we have f is E-(0-8)-Continuous mapping.
Corollary 4.11: Let f: (X, T) — (Y, T') be a continuous mapping whenever X is T1-Sp. Then, f
is Ec-(5-13¢)- Continuous mapping.
Proof: The proof is obvious, it is directly followed by Remark-(3.11).
Theorem 4.12: A mapping f: (X, T) — (Y, T') is Ec-(9-Bc)-Continuous if and only if f is E(5-
R)- Continuous mapping and for each x € X and each open set V of Y (s. t) f(x) € V, there
exists a closed set F < X containing x (s. t) f (F) € V.
Proof: (=) Let f: (X, T) — (Y, T") be E.-(d-R;)-Continuous mapping, then f is E(5-R)-
Continuous, and we have x € X, and V is any open set of Y containing f (X). Then via E¢(J-
Rc)-continuity, there exists Ec.-(d-3¢)-open set U € X containing x (s. t) f (U) € V. Since U is
Ec-(5-3c)-open set. Then for all x € U, there exists a closed set F of X (s. t) x € F € U.
Therefore, f (F) < f (U) € V. Hence, we get f (F) €V, and E.-(d-B)- Continuous implies E-
(0-R)- Continuous.
(&) Let V be any open set of Y. We have to show that f ~'(V) is Ec-(5-R.)-open set in X. by
hypothesis since f is E-(6-R)- Continuous, then f ~'(V) E(6-R)-open set in X and for any x € f
“(V) we have, f(x) € V. By hypothesis, there exists a closed set F of X containing x such that
f(F) € V= x € F f '(V).Therefore, via definition (3.2), f (V) is E¢(J-Bc)-open set in X .
Thus, via Theorem (4.3), f is E.-(6-¢)-Continuous mapping.

Some characterizations concerning the Ec-(resp. 6-B¢)-Continuous mapping are explained in
the following Theorem .
Theorem 4.13: The following characterizations are equivalent for a mapping f: (X, T) — (Y,
T):
i) fis Ec-(0-3¢)- Continuous mapping.
i) f 7'(V) is Ec-(0-R.)-open set in X, for every open setV of Y.
iii) f'(F) is Ec-(6-Bc)-closed set in X, for every closed set F of Y.
iv) f(E..CI(A)) (resp. 0-B..CI(A))) < CI(f(A))(resp. CI(f(A))), for every sub-set A of X.
V) E..CI(f '(B)) (resp. o-B..CI(f ~'(B))) < f ~'(CI(B)) (resp. f "'(CI(B))), for every sub-set B
of Y.
vi) f '(Int(B)) < EcInt (f '(B)) (resp. o-R..Int (f ~'(B))) for every sub-set B of Y.
vii) Int(f(A)) < f (E.- Int(A)) (resp. o-R¢. Int(A))) for every sub-set A of X.
Proof: Itis straightforward and obvious. Thus, it is omitted .
Theorem 4.14: If f: (X, T) — (Y, T') is a strongly 6-Continuous mapping, then f is Ec-(5-8)-
Continuous mapping.
Proof: Suppose that fis a strongly 6-Continuous mapping and V an open subset of Y, then
from Definition 4.2-part (v), we have f '(V) is 0-open set. Since every 6-open is E-[(5-Rc)-
open set, hence via Theorem (3.12),we have f (V) is Ec-(5-Bc)-open set in X. Therefore, via
Theorem-(4.3), f is E¢-(0-B¢)- Continuous mapping.
Theorem 4.15: If f: (X, T) — (Y, T') is contra continuous and E-(6-R)-Continuous mapping,
then f is E.-(0-3¢)- Continuous mapping.
Proof: Assume that f is contra continuous and E(J-)-Continuous mapping and consider V as
open subset of Y, then by Definition 4.2-part (i, ii, iv), we have f '(V) is closed and E(J-R)-
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open set in X which implies, f ~'(V) is Ec-(6-Rc)-open set ,thus f is Ec-(5-R.)- Continuous
mapping.
Theorem 4.16: Let f: (X, T) — (Y, T") be a perfectly (clopen)-Continuous mapping, then f is
Ec-(0-R¢)-Continuous mapping.

Proof: Assume that f is perfectly Continuous mapping and let V be an open subset of Y, then
from Definition 4.2-part (iii), we have f~'(V) is clopen set in X which implies that f ~'(V) is
open set and so, E(J-R)-open set and f (V) is closed set. Thus, f (V) is Ec-(5-Bc)-open set in
X and so, f is Ec-(5-R¢)-Continuous mapping.
Theorem 4.17: Let (X, T) be an Alexandroff. Sp. Then, a mapping f: (X, T) — (Y, T) is a
contra continuous and E-(6-3)-Continuous mapping iff f is £¢-(0-B¢)-Continuous mapping.
Proof: (=) Assume that (X, T) is an Alexandroff. Sp. and let f: (X, T) — (Y, T") is E¢-(6-Ry)-
Continuous mapping. Then f ~'(V) is Ec-(5-B)-open set in X, for every open set V of Y, which
implies f (V) is £(-B)-open set in X, and f ~'(V) is a union of closed sets which is closed in
an Alexandroff. Sp. (X, T). Therefore, f is E(J-B)-Continuous and contra continuous mapping.

(<) The converse part is immediately followed from Theorem (4.15).
Theorem 4.18: Let f: (X, T) — (Y, T') be RC-Continuous mapping, then f is (5-Rc)-
continuous.

Proof: suppose that f is RC- Continuous mapping and let V be an open subset of Y, then via
definition 4.2-part (vi), we have f (V) is regular closed in X and via Theorem (3.14), we
have f (V) is (6-R.)-open set. So f is (5-B¢)-Continuous mapping.
Theorem 4.19: Let f: (X, T) — (Y, T') be a continuous mapping, (s. t) (X, T) is a regular-Sp.
Then, fis Ec-(5-R¢)-Continuous mapping.

Proof: Let f be Continuous mapping and (X, T) is regular space. Then f ~'(V) is open set in a
regular sp. X for any open sub-set V of Y and therefore, via Theorem (3.16), f (V) is Ec-(d-
Rc)-open set in X. Hence f is E.-(5-3¢)-Continuous mapping.

5. FUNDAMENTAL PROPERTIES OF E(d-R;)-CONTINUOUS MAPPINGS

In this section, we recall several fundamental properties concerning the Ec-(resp. o-c)-
Continuous mappings.
Theorem 5.1: Let f: (X, T) — (Y, T') be Ec-(d-R.)-Continuous mapping (s. t),Y € Z. If (Y, T")
is an open sub-space of the Top-Sp (Z, T), then f: (X, T) — (Z, T ) is Ec-(9-B¢)- Continuous
mapping.

Proof: let V be an open sub-set of Z. Then V N Y is open sub-set of Y. Since f: (X, T) — (Y,
TY) is Ec-(0-Bc)-continuous, from Theorem (4.3), f ' (V' N Y) is Ec-(5-Bc)-open sub-set of X.
Since f (x) €Y forall x € X, hence f ' (V) =f ' (V N Y) is Ec-(5-Bc)-open sub-set of X. So via
Theorem (4.3), f: (X, T) — (Z, T") is Ec-(5-B¢)-Continuous mapping.
Theorem 5.2: The following properties are equivalent for a mapping f: (X, T) — (Y, T'):

i) fis clopen- Continuous mapping.

i) fis Ec-(0-3;)- Continuous contra- Continuous mapping.

iii) fis £-(-8)- Continuous contra-Continuous mapping.

Proof: The proof followed from the Theorem (3.19) immediately.

In the following results, we recall some conditions in which the restrictions of Ec-(-f3¢)-
continuous mappings on sub-Sp are E.-(d-3¢)-Continuous.
Theorem 5.3: Let f: (X, T) — (Y, T') be Ec-(6-R.)- Continuous mapping. If A is a clopen sub-
set of X, then f |A: A — Yis Ec-(d-3¢)-Continuous the sub-space A.

Proof: Let V be an open sub-set of Y. Then from Theorem-(4.3), we have f (V) is E¢-(5-B¢)-
open sub-set of X. Since A is clopen subset of X, then via Corollary (3.23), (f |A) (V) = f
(V) N Ais E(6-Rc)-open subset in the sub-Sp of A. This shows that, f |A: A — Y is E.-(6-R¢)-
Continuous the subspace A.
Theorem 5.4: A mapping f: (X, T) — (Y, T") is Ec-(6-R.)-continuous. If for all x € X, there
exists a clopen set A of X containing x such that f|A: A — Yis Ec-(d-Rc)-continuous.
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Proof: suppose that for all x € X, there exists a clopen set A of X containing x where f [A: A
— Yis E¢-(0-R¢)- Continuous mapping. Let V be any open sub-set of Y containing f (x), then
there exists a E¢c-(d-Rc)-open set U in A containing x (s. t), f JA(U) € V. Since A is clopen set,
via Theorem (3.21), U is E.-(5-3¢)-open set in X and hence f (U) € V. This shows that f: (X, T)
— (Y, T) is Ec-(9-Bc)-continuous.

Theorem 5.5: Let f: (X, T) — (Y, T) be a mapping where X = AU B (s. t) both A and B are
clopen sets. If f |[A: A — Y and f |B: B — Y are E¢-(6-3¢)- Continuous mappings, then f is Ec-
(0-Rc)- Continuous mapping.

Proof: Suppose that V is an open sub-set of Y. then f ~'(V) = (f |]A) (V) U (f |B) (V). Since f
|A and f |B are Ec-(5-B¢)-continuous, so via Theorem-(4.3) (f |A) (V) and (f |B) (V) are Ec-(J-
Rc)- open sets in A and B respectively. Since A and B are clopen sets in X, so via Theorem
(3.22), (f |A) (V) and (f |B) (V) are E.-(5-R.)-open sets in X. Since the union of Eg-(5-R)-
open sets is Ec-(d-B¢)-open set, thus f (V) is Ec-(5-Bc)-open set in X. Therefore, via Theorem-
(4.3), fis Ec-(0-R)- Continuous mapping.

Theorem 5.6: Let f, g: (X, T) — (Y, T") be two mapping where (Y, T') is Hausdorff-sp. If f is
Ec-(5-3¢)-Continuous g is perfectly (clopen) continuous, then the set E = {x € X: f (x) = g(X)}
is Ec-(5-R¢)-closed in X.

Proof: Let x & E. Then f (x) # g(x), since (Y, T') is Hausdorff, so there exist disjoint open sets
Viand V, of Y (s. t) f (x) € Vi and g (x) € V2. Since f is Ec-(5-B¢)-continuous, there exists Ec-
(0-Bc)-open sets U; of X containing x such that f(U;) € Vi. Since g is perfectly continuous,
there exists clopen set U, of X containing x such that g(U;) € V,. Put U = U; N U, is Ec-(o-
Rc)-open set of X containing x via Theorem (3.17). It follows that U N E = ¢. So that, U € X|E
and hence, X|E is E.-(5-13c)-open set Therefore E is E.-(d-B¢)- closed set in X.

Corollary 5.7: Let f, g: (X, T) — (Y, T') be two mappings where (Y, T') is Urysohn space. If f
is E.-(0-R)-continuous and g is perfectly (clopen) continuous, then the set E = {x € X: f (x) =
g(x)} is Ec-(0-3¢)-closed in X.

Proof: The proof is obvious it is immediately followed from Proposition (2.17) and Theorem-
(5.6).

Theorem 5.8: Let f: (X3, T) —(Y, T') and g: (X2, T) —(Y, T') be two E.-(5-R.)-Continuous
mapping. If (Y, T") is Hausdorff space , then the set E = {(x1, X2) € X1xXo: f (x1) = g (x2)} is
Ec-(5-B¢)-closed in Xy xX.

Proof: Let (xi, X2) € E. Then f (xu) # g(x2), since (Y, T') is Hausdorff, so there exist disjoint
open sets V; and V, of Y (s. t) f (Xx1) € V1 and g(x2) € V,. Since f and g are E.-(0-R;)-
Continuous mapping, so there exists E.-(d-Bc)-open set U; and U, of X; and X, containing x;
and x; (s. t) f (Uy) € Vi and f(U,) € V, respectively.

Put U = U;x Uy, Thus via Theorem (3.24), (X1, x2) € U where U is E.-(5-3;)-open set in
X1xX, and It follows that U N E = ¢. Therefore we obtain U < (X; x X;) | E and hence, (X; %
X2) |\E is Ec(0-Bc)-open set. Therefore E is Ec-(0-B¢)-closed set in Xy xX.

Corollary 5.9: Let f: (X3, T) — (Y, T")and g: (X2, T) — (Y, T') be two E-(5-R)- continuous
mapping. If (Y, T") is Uresohn-Sp, then the set E = {(x1, X2) €X1xXz: f (x1) = g (X2)} is Ec-(6-
Bc)-closed in X;xXo.

The proof is obvious, it is immediately followed from Proposition (2.17) and Theorem-(5.8).
Theorem 5.10: If f: (Xi, T) — (Yi, T') is Ec-(6-Rc)-Continuous mapping for i = 1,2, and f:
X1xXy — Y1XY, is a mapping defend as follows: f (X1, x2) = (f1 (X1), f2 (x2)). Then fis Ec-(o-
R¢)-continuous.

Proof: Suppose that R1xR, € Y1XY5, (s. t) Rj is open sets in Y; fori =1, 2. Then,

f 1(Ry x Ry) = f1 Y(Ry)x f, (Ry). Since fiis E-(6-R.)- Continuous mappings for i = 1,2. Thus
By Theorem (4. 3) and Theorem (3.24), we get f “(R; x Ry) is Ec-(5-R.)-open set in X;xX,
Therefore f is Ec-(5-3¢)-Continuous mappings.

Definition 5.11: A mapping f: (X, T) — (Y, T) is said to be:
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i) Ec-irresolute, if f ~'(K) is Ec-open in X for every Ec-open subset K of Y.

i) 5-Be-irresolute, if f ~'(K) is 5-R.-open in X for every 5-B.-open subset K of Y.

iii) Ec-open, if, f (K) is Ec-open Y for every open subset K of Y.

iv) 0-Bc-open, if, f (K) is 0-B.-open of Y for every open subset K of Y.

Theorem 5.12: The following properties hold for a mapping f: (X, T) — (Y, T") and
g (Y, T)—> @& T7):

1) If fis Ec-(0-3¢)- Continuous g is continuous, then g o f is E¢-(d-R¢)-Continuous.

i) If f is continuous and g is perfectly (clopen) continuous, then g o f is Ec-(d-3¢)-continuous.
iii) If fis Ec-(0-R¢)-irresolute and g is E¢-(0-Rc)-Continuous, then g o f is Ec-(5-R¢)-Continuous.
Proof: (i) - Assume that V is an open set in Z. Then g~'(V) is open in Y via continuity of g.
Since f is Ec-(0-Bc)-Continuous, f (g '(V)) is Ec-(d-Bc)-open set in X. Thus, (g o f) (V) = f
“Ng7'(V)) is Ec-(5-Be)-open set in X. Therefore, g o f is Ec-(5-B)-Continuous.

(ii) - suppose that V is an open set in Z. Then g (V) is clopen in Y via perfect continuity of g.
Since f is continuous, f —(g ~'(V)) is clopen in X . Thus, Ec-(-R.)-open via Theorem-(3.18),
therefore (g o f) '(V) = f “'(g7'(V)) is Ec-(d-Bc)-openin X. Hence, g o f is Ec-(6-R)-
Continuous.

(iii) — Let V be an open set in Z. Then g~ (V) is Ec-(d-Bc)-open set in Y via E.-(d-Rc)-continuity
of g.

Since f is Ec-(d-R.)-irresolute, f ~'(g ~'(V)) is Ec-(5-Bc)-open set in X and thus (g o f) (V) = f
“Ng7'(V)) is Ec-(5-Bo)-open set in X. Hence, g o f is Ec-(-B)-Continuous.

Theorem 5.13: Let f: (X, T) —(Y, T) and g: (Y, T') — (Z, T") be two mappings. If f is Ec-(-
Rc)-open surjective mapping and g o f is E¢-(0-Rc)-Continuous, then g is Ec-(d-3¢)-Continuous.
Proof: Let V be an open sub-set of Z. Since g o f is Ec-(d-Rc)- Continuous, so (g o f) (V) = f
g'(V)) is Ec-(5-Rc)-open set in X. Since f is E.-(5-R;)-open set and surjective, then f (f
g'(V))) = g (V) is Ec-(6-Rc)-open set in Y. Thus, g is Ec-(6-R)- Continuous.

Corollary 5.14: Let f: (X, T) — (Y, T) be Ec-(5-R.)-irresolute and Ec-(5-Bc)-open set
surjective mapping and let g: (Y, T) — (Z, T ) be mapping. Theng o f: (X, T) — (Z, T ) is
Ec-(5-3¢)- Continuous iff g is E¢-(0-Bc)-Continuous.

Proof: The proof follows from Theorems (5.12-part-3) and (5.13) immediately .

Theorem 5.15: Let f: (X, T) — (Y, T') be a mapping and let G: X — XxY be the graph
mapping of f defined via, G(x) = (x, f (X)) where G (f) = {(x, f (X)): x €X}. Then, G is E.-(J-
Rc)-Continuous iff fis Ec-(d-R¢)-Continuous.

Proof: (=) Suppose that G is Ec-(0-Rc)- Continuous V is an open sub-set of Y, then XXV is
open set in XxY. Since G is E¢-(d-R.)- Continuous, 50 G (XxV) is Ec-(-R.)-open in X. Since
G H(XxV) = {x € X: G(X) = (x, f(x)) € XxV} = {x € X: f (x) € V} = f (V) is Ec-(-R.)-open set
in X. Hence, via Theorem (4. 3), we have fis Ec-(d-13c)- Continuous.

(&) Assume that f is Ec-(0-Bc)-Continuous let x € X where H is an open sub-set of XxY
containing G(x). Since via Theorem (2.16), {x} x Y is homeomorphicto Y and H N ({x}xY) is
open in the sub-Sp {x }xY containing G(x), {y € Y: (X, y) € H} is open sub-set Y. Since f is E-
(6-R.)-Continuous, so f ({y: (x, y) € H}) is Ec-(6-R.)-open set in X. Since

f1{y: (x, y) € H}) = U{ FH(y) : (x, y) € H} is Ec-(0-Rc)-open set in X and x € U { f(y) : (x,
y) € H} € G "(H). Therefore, G *(H) is Ec-(5-Bc)-open set in X. Hence, by Theorem (4. 3), we
have G is E¢-(0-R¢)-Continuous mapping.

Theorem 5.16: Let f: (X, T) —(Y, T) be E.(5-R)- Continuous mappings (Y, T) is
Hausdorff-sp., then G (f) = {(x, f(x)): x € X} is Ec-(5-B¢)-closed set in XxY.

Proof: Let (X, y) & G(f).Theny # f(x), since (Y, T) is Hausdorff, so there exist disjoint open
sets V and H of Y such that f (x) € H and y € V. Since f is E-(J-R¢)-Continuous mappings, so
there exists Ec-(0-B¢)-open set U in X containing x where f (U) € H. Thus (x, y) € UxXV <
XXY (s. t) UXV is E¢(0-3c)-open set because U is E¢(d-13c)-open and V is open set in Hausdorff
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and thus, via Theorem-(3.7), V is Ec-(0-B¢)-open set. So XxY \G( ) is Ec-(6-R¢)-open set and
hence, G () is Ec-(0-13¢)- closed set in XxY.

CONCLUSIONS

It is well-known that the branch of mathematics called topology is related to all questions
directly or indirectly concerned with continuity. Therefore, the generalization of continuity is
one of the most important subjects in topology. One of the most important subjects in
studying topology and physics is continuity, which has been researched and investigated by
many mathematicians and quantum physicists . One can observe the influence made in the
realms of applied research by general topological spaces, properties and structures. In digital
topology, information systems, particle physic, computational topology for geometric design
and molecular design. Thus we study new notions of generalized continuous mappings, called
E-Continuous and ¢-B¢- continuous mappings which may have very important applications in
qguantum particle physics and theoretical Physics, particularly in connections with string
theory. As well as the fuzzy topological version of the concepts and results are introduced in
this paper. They are very important due to the work of EI-Naschie . He has shown that the
notion of fuzzy topology has very important applications in quantum particle physics,
especially in relation to both string and & theory .
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