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I. INTRODUCTION  
Baker introduced the notion of somewhat open set in topological space in 2016 and used it to 

characterize somewhat continuity and contra – somewhat continuity. Throughout this paper, (((( )))),X ττττ  

and (((( )))),Y σσσσ  (or simply, X  and Y ) denote topological spaces on which no separation axioms are 

assumed unless explicitly stated. For a subset A  of a space (((( )))),X ττττ , (((( ))))Cl A , (((( ))))Int A  and X A−−−−  

denote the closure of ,A the interior of A and the complement of A in ,X  respectively. Now we 

bring up with the new concepts of somewhat – compact,  somewhat – Lindelof, Countably somewhat 

– compact and somewhat connected spaces and investigate several properties and characterizations 

for these concepts. 

 

II. PRELIMINARIES 

DEFINITION 2.1. A subset U  of a space X is said to be somewhat open if U = ∅ or if there exist 

x U∈∈∈∈  and an open subset V such that x V U.∈ ⊆∈ ⊆∈ ⊆∈ ⊆  A set is called somewhat closed if its complement 

is somewhat open.  

Obviously somewhat open sets are closed under arbitrary union but, as we see in the following 

example, not closed under intersection. The set of all somewhat open sets in a topological space 

(((( ))))X,ττττ  is denoted by (((( ))))SW X, .ττττ  Clearly (((( ))))SW X, .τ ⊆ ττ ⊆ ττ ⊆ ττ ⊆ τ  Also any set containing a nonempty 

somewhat open set is somewhat open. Semi-open implies somewhat open and the closure of a 

preopen set is somewhat open. 

 

EXAMPLE 2.2. Let X = {a, b, c} have the topology τ = {X, ∅, {a}, {b}, {a, b}}. The sets {a, c} and 

{b, c} are somewhat open, but, since {c} is not somewhat open, somewhat open sets are not closed 

under intersection. 

DEFINITION 2.3. Let A  be a subset of a space X. The somewhat closure of A, denoted by 

(((( ))))swCl A ,  is given by (((( )))) {{{{ }}}}swCl A F : F is somewhat closed and A F= ⊆= ⊆= ⊆= ⊆I and the somewhat 

interior of A , denoted by (((( ))))swInt A ,  is given by (((( )))) {{{{ }}}}swInt A U A : U is somewhat open .= ⊆= ⊆= ⊆= ⊆U  

The following properties of the closure and interior operators for somewhat open sets are stated for 
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completeness. They are special cases of properties of operators defined for minimal structures by 

Popa and Noiri [36]. 

 

THEOREM 2.4. The following statements hold for a subset A of a space X:  

(((( )))) (((( )))) (((( ))))a swInt X A X swCl A .− = −− = −− = −− = −      

 (((( )))) (((( )))) (((( ))))b swCl X A X swInt A .− = −− = −− = −− = −  

(((( )))) (((( ))))c swCl A is somewhat closed.         

(d) A is somewhat closed if and only if (((( ))))swCl A A.====   

(((( )))) {{{{ }}}}(e) swCl A x X : for every somewhat open subset U containing x, U A .= ∈ ≠ φ= ∈ ≠ φ= ∈ ≠ φ= ∈ ≠ φI  

 

THEOREM 2.5. Let A be a subset of a space X. Then (((( ))))swCl A X====  if A is dense in X, and 

(((( ))))swCl A A====  if A is not dense in X. 

PROOF: Assume A is dense in X. Let x ∈ X and let U be a somewhat open set containing x. Then 

there exists a nonempty open set V such that x ∈ V ⊆ U. Since A is dense in X, A V .≠ φ≠ φ≠ φ≠ φI  Then 

A U ≠ φ≠ φ≠ φ≠ φI  and hence x ∈ swCl(A), which shows that swCl(A) = X. Assume A is not dense in X. Let 

x ∈ X such that (((( ))))x Cl A .∉∉∉∉  Then there exists an open set U such that x ∈ U and U A .= φ= φ= φ= φI  Thus 

(((( ))))x U X A ,∈ ⊆ −∈ ⊆ −∈ ⊆ −∈ ⊆ −  which proves that X − A is somewhat open and that A is somewhat closed. Thus 

(((( ))))swCl A A.====   

 

COROLLARY 2.6. Let A be a subset of a space X. Then swInt(A) = A if X − A is not dense in X, 

and swInt(A) = ∅  if  X − A is dense in X. 

THEOREM 2.7. Let (((( )))) (((( ))))τ → στ → στ → στ → σf : X , Y ,  be a function. Then the following statements are 

equivalent: 

(a) f   is somewhat continuous. 

(b) For every open subset V of Y, (((( ))))f V−−−−1  is somewhat open. 

(c) For every closed subset F of Y, (((( ))))f F−−−−1
 is somewhat closed. 

 (d) For every x ∈ X and every open subset V of Y containing (((( ))))f x  there exists a somewhat open 

set U of X containing x such that (((( ))))f U V .⊆⊆⊆⊆  

 

DEFINITION 2.8. Let (X, τ) and (Y, σ) be two topological spaces. A function 

(((( )))) (((( ))))τ → στ → στ → στ → σf : X , Y ,  is called somewhat irresolute if (((( ))))f V−−−−1  is somewhat closed in (X, τ) for 

every somewhat closed set V of (Y, σ). 

 

DEFINITION 2.9. Let (X, τ) and (Y, σ) be two topological spaces.  A function 

(((( )))) (((( ))))τ → στ → στ → στ → σf : X , Y ,  is called strongly somewhat continuous if the inverse image of every 

somewhat closed in Y is closed in X. 

 

DEFINITION 2.10. Let (X, τ) and (Y, σ) be two topological spaces. A function 

(((( )))) (((( ))))τ → στ → στ → στ → σf : X , Y ,  is called perfectly somewhat continuous if the inverse image of every 

somewhat closed set in Y is both closed and open set in X. 
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III. SOMEWHAT COMPACTNESS 

DEFINITION 3.1. A collection {{{{ }}}}i
A : i I∈∈∈∈ of somewhat open sets in a topological space (((( ))))X, ττττ ) is 

called a somewhat-open cover of a subset B of X if {{{{ }}}}i
B A : i I⊆ ∈⊆ ∈⊆ ∈⊆ ∈U  holds. 

 

DEFINITION 3.2. A topological space (((( ))))X,ττττ is somewhat compact if every somewhat open cover of  

X has a finite subcover. 

 

DEFINITION 3.3. A subset B of a topological space (((( ))))X,ττττ  is said to be somewhat compact relative 

to (((( ))))X, ττττ  if, for every collection {{{{ }}}}i
A : i I∈∈∈∈  of somewhat open subsets of X such that 

{{{{ }}}}i
B A : i I⊆ ∈⊆ ∈⊆ ∈⊆ ∈U  there exists a finite subset I

0
 of I such that {{{{ }}}}i

B A : i I .⊆ ∈⊆ ∈⊆ ∈⊆ ∈
0

U  

 

DEFINITION 3.4. A subset B of a topological space (((( ))))X, ττττ  is said to be somewhat compact if B is 

somewhat compact as a subspace of X. 

 

THEOREM 3.5. Every somewhat compact space is compact.  

PROOF. Let {{{{ }}}}i
A : i I∈∈∈∈  be an open cover of (((( ))))X, .ττττ  Since (((( ))))SW X, .τ ⊆ ττ ⊆ ττ ⊆ ττ ⊆ τ  So  {{{{ }}}}i

A : i I∈∈∈∈  is a 

somewhat open cover of (((( ))))X, .ττττ  Since (((( ))))X,ττττ  is somewhat compact. So somewhat open cover 

{{{{ }}}}i
A : i I∈∈∈∈  of (((( ))))X,ττττ  has a finite subcover say {{{{ }}}}i

A : i , , ...,n====1 2  for X. Hence (((( ))))X,ττττ  is a 

somewhat compact space. 

 

THEOREM 3.6. Every somewhat closed subset of a somewhat compact space is somewhat compact 

relative to X. 

PROOF. Let A be a somewhat closed subset of a topological space (((( ))))X, .ττττ  Then CA X A= −= −= −= −  is 

somewhat open in (((( ))))X, .ττττ  Let {{{{ }}}}i
A : i Iγ = ∈γ = ∈γ = ∈γ = ∈  be a somewhat open cover of A by somewhat open 

subsets in (((( ))))X, .ττττ  Let {{{{ }}}} {{{{ }}}}* C

i
A : i I Aγ = ∈γ = ∈γ = ∈γ = ∈ U  be a somewhat open cover of (((( ))))X, .ττττ  That is 

{{{{ }}}}(((( ))))* C

i
X A : i I A .= γ = ∈= γ = ∈= γ = ∈= γ = ∈U U U  By hypothesis (((( ))))X, ττττ  is somewhat compact and hence *γγγγ  is 

reducible to a finite sub cover of (((( ))))X, ττττ  say 
n k

C

i i i i
X A A ... A A , A .= ∈ γ= ∈ γ= ∈ γ= ∈ γ

1 2

U U U U  But A and CA  

are disjoint. Hence 
n ki i i i

A A A ... A , A .⊆ ∈ γ⊆ ∈ γ⊆ ∈ γ⊆ ∈ γ
1 2

U U U  Thus a somewhat open cover γγγγ  of A contains 

a finite subcover. Hence A is somewhat compact relative to (((( ))))X, .ττττ  

 

THEOREM 3.7 A somewhat continuous image of a somewhat compact space is compact.  

PROOF. Let (((( )))) (((( ))))τ → στ → στ → στ → σf : X , Y ,  be a somewhat continuous map from a somewhat compact 

space X onto a topological space Y. Let {{{{ }}}}i
A : i I∈∈∈∈  be an open cover of Y. Then {{{{ }}}}(((( ))))1 :

i
f A i I−−−− ∈∈∈∈  

is a somewhat open cover of X, as f  is somewhat continuous. Since X is somewhat compact, the 

somewhat open cover of X, {{{{ }}}}(((( ))))1 :
i

f A i I−−−− ∈∈∈∈  has a finite sub cover say (((( )))){{{{ }}}}1 : 1,2, ...,
i

f A i n−−−− ==== . 

Therefore (((( )))){{{{ }}}}1 : 1,2, ...,
i

X f A i n−−−−= == == == =UUUU , which implies (((( )))) {{{{ }}}}: 1,2, ..., ,
i

f X A i n= == == == =UUUU  then 

{{{{ }}}}: 1,2, ..., .
i

Y A i n= == == == =UUUU  That is {{{{ }}}}: 1,2, ...,
i

A i n====  is a finite sub cover of {{{{ }}}}i
A : i I∈∈∈∈  for Y. Hence 

Y is compact. 
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THEOREM 3.8. If a map (((( )))) (((( ))))τ → στ → στ → στ → σf : X , Y ,  is somewhat - irresolute and a subset S of X is 

somewhat compact relative to (X, τ), then the image (((( ))))f S  is somewhat compact relative to (Y, σ). 

PROOF.  Let {{{{ }}}}i
A : i I∈∈∈∈  be a collection of somewhat open cover of (Y, σ ), such that 

(((( )))) {{{{ }}}}i
f S A : i I .⊆ ∈⊆ ∈⊆ ∈⊆ ∈U  Then (((( )))){{{{ }}}}i

S f A : i I ,−−−−⊆ ∈⊆ ∈⊆ ∈⊆ ∈1U  where (((( )))){{{{ }}}} (((( ))))i
f A : i I SW X , .−−−− ∈ ⊆ τ∈ ⊆ τ∈ ⊆ τ∈ ⊆ τ1  Since 

S is somewhat compact relative to (X, τ), there exists a finite subcollection {{{{ }}}}1 2
, , ...,

n
A A A  such that 

(((( )))){{{{ }}}}i
S f A : i , , ...,n .−−−−⊆ =⊆ =⊆ =⊆ =1

1 2U  That is (((( )))) {{{{ }}}}n
f S A , A ,..., A .⊆⊆⊆⊆

1 2
U  Hence (((( ))))f S  is somewhat 

compact relative to (Y, σ). 

 

THEOREM 3.9. If a map (((( )))) (((( ))))τ → στ → στ → στ → σf : X , Y ,  is strongly somewhat continuous map from a 

compact space (X, τ) onto a topological space (Y, σ), then (Y, σ) is somewhat compact. 

PROOF. Let {{{{ }}}}i
A : i I∈∈∈∈  be a somewhat open cover of (Y, σ). Since f  is strongly somewhat 

continuous, (((( )))){{{{ }}}}i
f A : i I−−−− ∈∈∈∈

1  is an open cover of (X, τ). Again, since (X, τ) is compact, the open 

cover (((( )))){{{{ }}}}i
f A : i I−−−− ∈∈∈∈

1  of (X, τ) has a finite sub cover say (((( )))){{{{ }}}}i
f A : i , , ...,n .−−−− ====

1
1 2  Therefore 

(((( )))){{{{ }}}}i
X f A : i , , ...,n ,−−−−= == == == =1

1 2U  which implies (((( )))) {{{{ }}}}i
f X A : i , , ...,n ,= == == == =1 2U  so that 

{{{{ }}}}i
Y A : i , , ...,n .= == == == =1 2U   That is 

n
A , A ,..., A
1 2

 is a finite sub cover of {{{{ }}}}i
A : i I∈∈∈∈  for (Y, σ). Hence 

(Y, σ) is somewhat compact. 

 

THEOREM 3.10. If a map (((( )))) (((( ))))τ → στ → στ → στ → σf : X , Y ,  is perfectly somewhat continuous map from a 

compact space (X, τ) onto a topological space (Y, σ), then (Y, σ) is somewhat compact.  

PROOF. Let {{{{ }}}}i
A : i I∈∈∈∈  be a somewhat open cover of (Y, σ). Since f  is perfectly somewhat 

continuous, (((( )))){{{{ }}}}i
f A : i I−−−− ∈∈∈∈

1  is an open cover of (X, τ). Again, since (X, τ) is compact, the open 

cover (((( )))){{{{ }}}}i
f A : i I−−−− ∈∈∈∈

1  of (X, τ) has a finite sub cover say (((( )))){{{{ }}}}i
f A : i , , ...,n .−−−− ====

1
1 2  Therefore 

(((( )))){{{{ }}}}i
X f A : i , , ...,n ,−−−−= == == == =1

1 2U  which implies (((( )))) {{{{ }}}}i
f X A : i , , ...,n ,= == == == =1 2U  so that 

{{{{ }}}}i
Y A : i , , ...,n .= == == == =1 2U  That is {{{{ }}}}n

A , A , ..., A
1 2

 is a finite sub cover of {{{{ }}}}i
A : i I∈∈∈∈  for (Y, σ). 

Hence (Y, σ) is somewhat compact. 

 

THEOREM 3.11. Let (((( )))) (((( ))))τ → στ → στ → στ → σf : X , Y ,  be somewhat irresolute map from somewhat compact 

space (X, τ) onto topological space (Y, σ), then (Y, σ) is somewhat compact.  

PROOF. Let (((( )))) (((( ))))τ → στ → στ → στ → σf : X , Y ,  be somewhat irresolute map from a somewhat compact space 

(X, τ) onto a topological space (Y, σ). Let {{{{ }}}}i
A : i I∈∈∈∈  be a somewhat open cover of (Y, σ). Then 

(((( )))){{{{ }}}}i
f A : i I−−−− ∈∈∈∈

1  is a somewhat open open cover of (X, τ), since f  is somewhat irresolute. As 

(((( ))))X ,ττττ  is somewhat compact, the somewhat open cover (((( )))){{{{ }}}}i
f A : i I−−−− ∈∈∈∈

1  of (X, τ) has a finite 

subcover say (((( )))){{{{ }}}}i
f A : i , , ...,n .−−−− ====

1
1 2  Therefore (((( )))){{{{ }}}}i

X f A : i , , ...,n ,−−−−= == == == =1
1 2U  which implies 

(((( )))) {{{{ }}}}i
f X A : i , , ...,n ,= == == == =1 2U  so that {{{{ }}}}i

Y A : i , , ...,n .= == == == =1 2U  That is {{{{ }}}}n
A , A , ..., A
1 2

 is a finite 

sub cover of {{{{ }}}}i
A : i I∈∈∈∈  for (Y, σ). Hence (Y, σ) is somewhat compact. 
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THEOREM 3.12. If (((( ))))X ,ττττ  is compact and every somewhat closed set in X is also cloed in X, then  

(((( ))))X ,ττττ  is somewhat compact.  

PROOF. Let {{{{ }}}}i
A : i I∈∈∈∈  be a somewhat open cover of X. Since every somewhat closed set in X is 

also closed in X. Thus clearly {{{{ }}}}i
A : i I∈∈∈∈  is also an open cover of X. Since (((( ))))X ,ττττ  is compact. So 

there exists a finite subcover {{{{ }}}}i
A : i , , ...,n====1 2  of {{{{ }}}}i

A : i I∈∈∈∈  such that {{{{ }}}}i
X A : i , , ...,n .= == == == =1 2U  

Hence (X, τ) is a somewhat compact space. 

 

THEOREM 3.13. A topological space (X, τ) is somewhat compact if and only if every family of 

somewhat closed sets of (X, τ) having finite intersection property has a nonempty intersection. 

PROOF. Suppose (X, τ) is somewhat compact. Let {{{{ }}}}i
A : i I∈∈∈∈  be a family of somewhat closed sets 

with finite intersection property. Suppose {{{{ }}}}i
A : i I ,∈ = φ∈ = φ∈ = φ∈ = φI  then {{{{ }}}}(((( ))))i

X A : i I X.− ∈ =− ∈ =− ∈ =− ∈ =I  This 

implies (((( )))){{{{ }}}}i
X A : i I X.− ∈ =− ∈ =− ∈ =− ∈ =U  Thus the cover (((( )))){{{{ }}}}i

X A : i I− ∈− ∈− ∈− ∈  is a somewhat open cover of 

(((( ))))X , .ττττ  Then, the somewhat open cover (((( )))){{{{ }}}}i
X A : i I− ∈− ∈− ∈− ∈  has a finite sub cover say 

(((( )))){{{{ }}}}i
X A : i , , ...,n .− =− =− =− =1 2  This implies (((( )))){{{{ }}}}i

X X A : i , , ...,n= − == − == − == − =1 2U  which implies 

{{{{ }}}}i
X X A : i , , ...,n ,= − == − == − == − =1 2I  which implies {{{{ }}}}i

X X A : i , , ...,n    − = =− = =− = =− = =    1 2I  which implies 

{{{{ }}}}i
A : i , , ...,n .φ = =φ = =φ = =φ = =1 2I  This disproves the assumption. Hence {{{{ }}}}i

A : i , , ...,n .= ≠ φ= ≠ φ= ≠ φ= ≠ φ1 2I  

 Conversely suppose (X, τ ) is not somewhat compact. Then there exits a somewhat open cover of 

(X, τ) say {{{{ }}}}i
G : i I∈∈∈∈  having no finite subcover. This implies that for any finite sub family 

{{{{ }}}}i
G : i , , ...,n====1 2  of {{{{ }}}}i

G : i I ,∈∈∈∈  we have {{{{ }}}}i
G : i , , ...,n X,= ≠= ≠= ≠= ≠1 2U  which implies 

{{{{ }}}}(((( ))))i
X G : i , , ...,n X X,− = ≠ −− = ≠ −− = ≠ −− = ≠ −1 2U  therefore {{{{ }}}}i

G : i , , ...,n .= ≠ φ= ≠ φ= ≠ φ= ≠ φ1 2I  Then the family 

{{{{ }}}}i
X G : i I− ∈− ∈− ∈− ∈  of somewhat closed sets has a finite intersection property. Also by assumption 

{{{{ }}}}i
X G : i , , ...,n− = ≠ φ− = ≠ φ− = ≠ φ− = ≠ φ1 2I  which implies {{{{ }}}}(((( ))))i

X G : i , , ...,n ,− = ≠ φ− = ≠ φ− = ≠ φ− = ≠ φ1 2U  so that 

{{{{ }}}}i
G : i , , ...,n X.= ≠= ≠= ≠= ≠1 2U   This implies {{{{ }}}}i

G : i I∈∈∈∈  is not a cover of (X, τ). This disproves the fact 

that {{{{ }}}}i
G : i I∈∈∈∈  is a cover for (X, τ). Therefore a somewhat open cover {{{{ }}}}i

G : i I∈∈∈∈  of (X, τ) has a 

finite subcover {{{{ }}}}i
G : i , , ...,n .====1 2  Hence (X, τ) is somewhat compact. 

 

THEOREM 3.14. Let A be a somewhat compact set relative to a topological space X and B be a 

somewhat closed subset of X. Then A∩ B is somewhat compact relative to X.  

PROOF. Let A be somewhat compact relative to X. Suppose that {{{{ }}}}i
A : i I∈∈∈∈  is a cover of A∩ B by 

somewhat open sets in X. Then {{{{ }}}} {{{{ }}}}C

i
A : i I B∈∈∈∈ U  is a cover of A by somewhat open sets in X, but 

A is somewhat compact relative to X, so there exist 
n

i , i , ..., i
1 2

 such that 

{{{{ }}}}(((( ))))j

C

i
A A : j , , ...,n B .⊆ =⊆ =⊆ =⊆ =1 2U U  Then {{{{ }}}} {{{{ }}}}

j ji i
A B A B : j , , ...,n A : j , , ...,n .⊆ = ⊆ =⊆ = ⊆ =⊆ = ⊆ =⊆ = ⊆ =1 2 1 2I U U I U  

Hence A∩ B is somewhat compact relative to X.  

 

THEOREM 3.15. If a function (((( )))) (((( ))))τ → στ → στ → στ → σf : X , Y ,  is somewhat irresolute and a subset of X is 

somewhat compact relative to X, then (((( ))))f B  is somewhat compact relative to Y.  
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PROOF. Let {{{{ }}}}i
A : i I∈∈∈∈  be a cover of (((( ))))f B  by somewhat open subsets of Y. Since f  is somewhat 

irresolute. Then (((( )))){{{{ }}}}i
f A : i I−−−− ∈∈∈∈

1  is a cover of B by somewhat open subsets of X. Since B is 

somewhat compact relative to X, (((( )))){{{{ }}}}i
f A : i I−−−− ∈∈∈∈

1  has a finite subcover say 

(((( )))) (((( )))) (((( )))){{{{ }}}}n
f A , f A , ..., f A− − −− − −− − −− − −1 1 1

1 2
 for B. Now {{{{ }}}}i

A : i , , ...,n====1 2  is a finite subcover of {{{{ }}}}i
A : i I∈∈∈∈  

for (((( ))))f B .  So (((( ))))f B  is somewhat compact relative to Y. 

 

 

IV. COUNTABLY SOMEWHAT COMPACTNESS  
In this section, we concentrate on the concept of countably somewhat compactness and their 

properties. 

 

DEFINITION 4.1. A topological space (X, τ) is said to be countably somewhat compact if every 

countable somewhat open cover of X has a finite subcover. 

THEOREM 4.2. If (X, τ) is a countably somewhat compact space, then (X, τ) is countably compact.  

PROOF.  Let (X, τ) be countably somewhat compact space. Let {{{{ }}}}i
A : i I∈∈∈∈   be a countable open 

cover of (X, τ). Since (((( ))))SW X, .τ ⊆ ττ ⊆ ττ ⊆ ττ ⊆ τ  So {{{{ }}}}i
A : i I∈∈∈∈  is a countable somewhat open cover of (X, τ). 

Since (X, τ) is countably somewhat compact, countable somewhat open cover {{{{ }}}}i
A : i I∈∈∈∈  of (X, τ) 

has a finite subcover say {{{{ }}}}i
A : i , , ...,n====1 2  for X. Hence (X, τ) is a countably compact space. 

 

THEOREM 4.2.  If  (X, τ) is countably compact and every somewhat closed subset of  X is closed in 

X, then (X, τ) is countably somewhat compact.  

PROOF. Let (X, τ) be countably compact space. Let {{{{ }}}}i
A : i I∈∈∈∈  be a countable somewhat open 

cover of (X, τ). Since every somewhat closed subset of X is closed in X. Thus every somewhat open 

set in X is open in X, Therefore {{{{ }}}}i
A : i I∈∈∈∈  is a countable open cover of (X, τ ). Since (X, τ) is 

countably compact, countable open cover {{{{ }}}}i
A : i I∈∈∈∈  of (X, τ) has a finite sub cover say 

{{{{ }}}}i
A : i , , ...,n====1 2  for X. Hence (X, τ) is a countably somewhat compact space. 

 

THEOREM 4.3. Every somewhat compact space is countably somewhat compact.  

PROOF. Let (X, τ) be somewhat compact space. Let {{{{ }}}}i
A : i I∈∈∈∈  be a countable somewhat open 

cover of (X, τ). Since (X, τ) is somewhat compact, somewhat pen cover {{{{ }}}}i
A : i I∈∈∈∈  of  (X, τ) has a 

finite subcover say {{{{ }}}}i
A : i , , ...,n====1 2  for (X, τ). Hence (X, τ) is a countably somewhat compact 

space. 

 

THEOREM 4.4. Let (((( )))) (((( ))))τ → στ → στ → στ → σf : X , Y ,  be a somewhat continuous injective mapping. If X is 

countably somewhat compact space, then (Y, σ) is countably compact.  

PROOF. Let (((( )))) (((( ))))τ → στ → στ → στ → σf : X , Y ,  be a somewhat continuous map from a countably somewhat 

compact (X, τ) onto a topological space (Y, σ). Let {{{{ }}}}i
A : i I∈∈∈∈  be a countable open cover of Y. Then 

(((( )))){{{{ }}}}i
f A : i I−−−− ∈∈∈∈

1  is a countable somewhat open cover of X, as f  is somewhat continuous. Since X 

is countably somewhat compact, the countable somewhat open cover (((( )))){{{{ }}}}i
f A : i I−−−− ∈∈∈∈

1  of X  has a 

finite sub cover say (((( )))){{{{ }}}}i
f A : i , , ...,n .−−−− ====

1
1 2  Therefore (((( )))){{{{ }}}}i

X f A : i , , ...,n ,−−−−= == == == =1
1 2U  which 
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implies (((( )))) {{{{ }}}}i
f X A : i , , ...,n ,= == == == =1 2U  then {{{{ }}}}i

Y A : i , , ...,n .= == == == =1 2U  That is {{{{ }}}}i
A : i , , ...,n====1 2  is a 

finite subcover of {{{{ }}}}i
A : i I∈∈∈∈  for Y. Hence Y is countably  compact.  

 

THEOREM 4.5. If a map (((( )))) (((( ))))τ → στ → στ → στ → σf : X , Y ,  is perfectly somewhat continuous map from a 

countably compact space (X, τ) onto a topological space (Y, σ), then (Y, σ) is countably somewhat 

compact.  

PROOF. Let {{{{ }}}}i
A : i I∈∈∈∈  be a countable somewhat open cover of (Y, σ). Since f  is perfectly 

somewhat continuous, (((( )))){{{{ }}}}i
f A : i I−−−− ∈∈∈∈

1  is a countable open cover of (X, τ). Again, since (X, τ ) is 

countably compact, the countable open cover (((( )))){{{{ }}}}i
f A : i I−−−− ∈∈∈∈

1  of (X, τ) has a finite subcover say 

(((( )))){{{{ }}}}i
f A : i , , ...,n .−−−− ====

1
1 2  Therefore (((( )))){{{{ }}}}i

X f A : i , , ...,n ,−−−−= == == == =1
1 2U  which implies 

(((( )))) {{{{ }}}}i
f X A : i , , ...,n ,= == == == =1 2U  so that {{{{ }}}}i

Y A : i , , ...,n .= == == == =1 2U   That is {{{{ }}}}n
A ,A ,..., A

1 2
 is a finite 

subcover of {{{{ }}}}i
A : i I∈∈∈∈  for (Y, σ). Hence (Y, σ) is countably somewhat compact.  

 

THEOREM 4.6. If a map (((( )))) (((( ))))τ → στ → στ → στ → σf : X , Y ,  is strongly somewhat continuous map from a 

countably compact space (X, τ) onto a topological space (Y, σ), then (Y, σ) is countably somewhat  

compact.  

PROOF. Let {{{{ }}}}i
A : i I∈∈∈∈  be a countable somewhat open cover of (Y, σ ). Since f  is strongly 

somewhat continuous, (((( )))){{{{ }}}}i
f A : i I−−−− ∈∈∈∈

1  is a countable open cover of (X, τ). Again, since (X, τ) is 

countably compact, the countable  open cover (((( )))){{{{ }}}}i
f A : i I−−−− ∈∈∈∈

1  of (X, τ) has a finite sub cover 

say (((( )))){{{{ }}}}i
f A : i , , ...,n .−−−− ====

1
1 2  Therefore (((( )))){{{{ }}}}i

X f A : i , , ...,n ,−−−−= == == == =1
1 2U  which implies 

(((( )))) {{{{ }}}}i
f X A : i , , ...,n ,= == == == =1 2U  so that {{{{ }}}}i

Y A : i , , ...,n .= == == == =1 2U  That is {{{{ }}}}n
A ,A ,..., A

1 2
is a finite 

subcover of {{{{ }}}}i
A : i I∈∈∈∈  for (Y, σ). Hence (Y,σ) is countably somewhat compact.  

 

Theorem 4.7. The image of a countably somewhat compact space under a somewhat irresolute map 

is countably somewhat compact.  

PROOF. If a map (((( )))) (((( ))))τ → στ → στ → στ → σf : X , Y ,  is somewhat irresolute map from a countably somewhat 

compact space (X, τ) onto a topological space (Y, σ ). Let {{{{ }}}}i
A : i I∈∈∈∈  be a countable somewhat open 

cover of  (Y, σ ). Then (((( )))){{{{ }}}}i
f A : i I−−−− ∈∈∈∈

1  is a countable somewhat open cover of (X, τ), since f  is 

somewhat irresolute. As (X, τ) is countably somewhat compact, the countable somewhat open cover 

(((( )))){{{{ }}}}i
f A : i I−−−− ∈∈∈∈

1  of (X, τ) has a finite subcover say (((( )))){{{{ }}}}i
f A : i , , ...,n .−−−− ====

1
1 2  Therefore  

(((( )))){{{{ }}}}i
X f A : i , , ...,n ,−−−−= == == == =1

1 2U  which implies (((( )))) {{{{ }}}}i
f X A : i , , ...,n ,= == == == =1 2U  so that 

{{{{ }}}}i
Y A : i , , ...,n .= == == == =1 2U  That is {{{{ }}}}n

A ,A ,..., A
1 2

 is a finite subcover of {{{{ }}}}i
A : i I∈∈∈∈  for (Y, σ). 

Hence (Y, σ) is countably somewhat compact. 

 

 

V. SOMEWHAT LINDELOF SPACE 
In this section, we concentrate on the concept of somewhat Lindelof space and their properties. 

 

DEFINITION 5.1. A topological space (X, τ) is said to be somewhat Lindelof space if every 

somewhat open cover of  X has a countable subcover. 
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THEOREM 5.2. Every somewhat Lindelof space is Lindelof space.  

PROOF. Let {{{{ }}}}i
A : i I∈∈∈∈  be an open cover of (X, τ). Since (((( ))))SW X, .τ ⊆ ττ ⊆ ττ ⊆ ττ ⊆ τ  Therefore {{{{ }}}}i

A : i I∈∈∈∈  is a 

somewhat open cover of (X, τ). Since (X, τ) is somewhat Lindelof space, somewhat open cover 

{{{{ }}}}i
A : i I∈∈∈∈  of (X, τ) has a countable subcover say {{{{ }}}}i

A : i J∈∈∈∈  for X, for some countable subset J of 

I. Hence (X, τ) is a Lindelof space. 

 

THEOREM 5.3. If (X, τ) is Lindelof space and every somewhat closed subset of X is closed in X, 

then (X, τ ) is somewhat Lindelof space.  

PROOF. Let {{{{ }}}}i
A : i I∈∈∈∈  be a somewhat open cover of (X, τ). Since every somewhat closed subset of 

X is closed in X. So every somewhat open set in X is open in X. Therefore {{{{ }}}}i
A : i I∈∈∈∈  is an open 

cover of (X, τ). Since (X, τ) is compact, open cover {{{{ }}}}i
A : i I∈∈∈∈  of (X, τ) has a countable subcover 

say {{{{ }}}}i
A : i J∈∈∈∈  for X, for some countable subset J of I. Hence (X, τ) is a somewhat Lindelof space. 

 

THEOREM 5.4. Every somewhat compact space is somewhat Lindelof space.  

PROOF. Let {{{{ }}}}i
A : i I∈∈∈∈  be a somewhat open cover of (X, τ). Since (X, τ) is somewhat compact 

space. Then {{{{ }}}}i
A : i I∈∈∈∈  has a finite subcover say {{{{ }}}}i

A : i , , ...,n .====12  Since every finite subcover is 

always countable subcover and therefore {{{{ }}}}i
A : i , , ...,n====1 2  is countable subcover of {{{{ }}}}i

A : i I .∈∈∈∈  

Hence (X, τ) is somewhat Lindelof space.  

 

THEOREM 5.5. A somewhat continuous image of a somewhat Lindelof space is Lindelof space. 

PROOF. Let (((( )))) (((( ))))τ → στ → στ → στ → σf : X , Y ,  be a somewhat continuous map from a somewhat Lindelof 

space X onto a topological space Y. Let {{{{ }}}}i
A : i I∈∈∈∈  be an open cover of Y. Then (((( )))){{{{ }}}}i

f A : i I−−−− ∈∈∈∈
1   

is a somewhat open cover of X, as f  is somewhat continuous. Since X is somewhat Lindelof space, 

the somewhat open cover (((( )))){{{{ }}}}i
f A : i I−−−− ∈∈∈∈

1  of X has a countable subcover say 

(((( )))){{{{ }}}}i
f A : i , , , .... .−−−− ====

1
1 2 3  Therefore (((( )))){{{{ }}}}i

X f A : i , , , .... ,−−−−= == == == =1
1 2 3U  which implies 

(((( )))) {{{{ }}}}i
f X A : i , , , .... ,= == == == =1 2 3U  then {{{{ }}}}i

Y A : i , , , .... .= == == == =1 2 3U  That is {{{{ }}}}A ,A ,A ,....
1 2 3

 is a 

countable subcover of {{{{ }}}}i
A : i I∈∈∈∈  for Y. Hence Y is Lindelof space. 

 

THEOREM 5.6. The image of a somewhat Lindelof space under a somewhat irresolute map is 

somewhat Lindelof space. 

PROOF. Let a map (((( )))) (((( ))))τ → στ → στ → στ → σf : X , Y ,  be somewhat irresolute map from a somewhat Lindelof 

space (X, τ) onto a topological space (Y, σ). Let {{{{ }}}}i
A : i I∈∈∈∈  be a somewhat open cover of (Y, σ). 

Then (((( )))){{{{ }}}}i
f A : i I−−−− ∈∈∈∈

1  is a somewhat open cover of (X, τ). Since f   is somewhat irresolute. As  

(((( ))))X ,ττττ  is somewhat Lindelof space, the somewhat open cover (((( )))){{{{ }}}}i
f A : i I−−−− ∈∈∈∈

1  of (X, τ) has a 

countable subcover say (((( )))){{{{ }}}}
ni

f A : n N .
−−−− ∈∈∈∈
1  Therefore (((( )))){{{{ }}}}

ni
X f A : n N ,

−−−−= ∈= ∈= ∈= ∈
1

U  which implies 

(((( )))){{{{ }}}}
ni

X f A : n N ,
−−−−= ∈= ∈= ∈= ∈
1

U  then (((( )))) {{{{ }}}}
ni

f X A : n N ,= ∈= ∈= ∈= ∈U  so that {{{{ }}}}
ni

Y A : n N .= ∈= ∈= ∈= ∈U  That is 

{{{{ }}}}
ni

A : n N∈∈∈∈  is a countable subcover of {{{{ }}}}i
A : i I∈∈∈∈  for (Y, σ). Hence (Y, σ) is somewhat Lindelof 

space.  
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THEOREM 5.7. If (((( ))))X ,ττττ is somewhat Lindelof space and countably somewhat compact space, then 

(X, τ) is somewhat compact space. 

PROOF. Suppose (X, τ) is somewhat Lindelof space and countably somewhat compact space. Let 

{{{{ }}}}i
A : i I∈∈∈∈  be a somewhat open cover of (X, τ). Since (X, τ) is somewhat Lindelof space {{{{ }}}}i

A : i I∈∈∈∈  

has a countable sub cover say {{{{ }}}}
ni

A : n N ,∈∈∈∈  therefore {{{{ }}}}
ni

A : n N ,∈∈∈∈  is a countable subcover of 

(((( ))))X ,ττττ  and {{{{ }}}}
ni

A : n N ,∈∈∈∈  is a subfamily of {{{{ }}}}i
A : i I∈∈∈∈  and so {{{{ }}}}

ni
A : n N∈∈∈∈  is a countable 

somewhat open cover of (X, τ). Again, since (X, τ) is countably somewhat compact, {{{{ }}}}
ni

A : n N∈∈∈∈  

has a finite subcover and say {{{{ }}}}
ki

A : k , , ...,n .====1 2  Therefore {{{{ }}}}
ki

A : k , , ...,n====1 2  is a finite sub 

cover of {{{{ }}}}i
A : i I∈∈∈∈  for (X, τ). Hence (X, τ) is somewhat compact space. 

 

THEOREM 5.8. If a function (((( )))) (((( ))))τ → στ → στ → στ → σf : X , Y ,  is somewhat irresolute and a subset of X is 

somewhat Lindelof relative to X, then (((( ))))f B  is somewhat Lindelof relative to Y.  

PROOF. Let {{{{ }}}}i
A : i I∈∈∈∈  be a cover of (((( ))))f B  by somewhat open subsets of Y. Then 

(((( )))){{{{ }}}}i
f A : i I−−−− ∈∈∈∈

1  is a cover of B by somewhat open subsets of X. Since B is somewhat Lindelof 

relative to X, (((( )))){{{{ }}}}i
f A : i I−−−− ∈∈∈∈

1  has a countable subcover say (((( )))) (((( )))) (((( )))){{{{ }}}}f A , f A , f A ,....− − −− − −− − −− − −1 1 1

1 2 3
 for 

B. Now {{{{ }}}}A ,A ,A ,....
1 2 3

 is a countable sub cover of {{{{ }}}}i
A : i I∈∈∈∈  for (((( ))))f B .  So (((( ))))f B  is somewhat 

Lindelof relative to Y. 

 

VI. SOMEWHAT CONNECTEDNESS 
 

DEFINITION 6.1. A topological space (X, µ) is said to be somewhat Connected if X cannot be 

written as a disjoint union of two nonempty somewhat open sets. A subset of (X, µ) is somewhat 

connected if it is somewhat connected as a subspace. 

 

THEOREM 6.2. Every somewhat connected space is connected. 

PROOF. Let A and B be two nonempty disjoint proper open sets in X. Since every open set is 

somewhat open set. Therefore A and B are nonempty disjoint proper somewhat open sets in X and X  

is somewhat connected space. Therefore X A B.≠≠≠≠ U  Therefore X is connected. 

 

EXAMPLE 6.3. Let X = {a, b, c} and τ = {X, φ, {a}}. Then it is somewhat connected.  

 

REMARK 6.4. The converse of the above theorem need not be true in general, which follows from 

the following example.  

 

EXAMPLE 6.5. Let X = {a, b, c} and τ = {X, φ, {a}, {b}, {a, b}}. Clearly (X, τ) is connected. The 

somewhat open sets of X are given by (((( ))))SW X ,τ =τ =τ =τ =  {X, φ, {b, c}, {a, c}, {a, b}, {b}, {a}}. 

Therefore (X, τ) is not a somewhat connected space, since X = {b, c}∪{a} where {b, c} and {a} are 

nonempty somewhat open sets. 

 

THEOREM 6.6. For a topological space (X, τ) the following are equivalent  

(i) (X, τ) is somewhat connected.  
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(ii) The only subsets of (X, τ) which are both somewhat open and somewhat closed are the empty set 

X and .φφφφ   

(iii) Each somewhat continuous map of (X, τ) into a discrete space (Y, σ)  with at least two points is 

a constant map.  

PROOF. (1)⇒(2) Let G be a somewhat open and somewhat closed subset of (X, τ). Then X G−−−−  is 

also both somewhat open and somewhat closed. Then (((( ))))X G X G= −= −= −= −U  is a disjoint union of two 

nonempty somewhat open sets which contradicts the fact that (X, τ) is somewhat connected. Hence 

G = φ= φ= φ= φ  or G X .====   

(2)⇒(1) Suppose that X A B==== U  where A and B are disjoint nonempty somewhat open subsets of 

(X, τ). Since A X B,= −= −= −= −  then A is both somewhat open and somewhat closed. By assumption A = φ= φ= φ= φ  

or A X ,====  which is a contradiction. Hence (X, τ) is somewhat connected.  

(2)⇒(3) Let (((( )))) (((( ))))τ → στ → στ → στ → σf : X , Y ,  be a somewhat continuous map, where (Y, σ) is discrete space 

with at least two points. Then (((( ))))f y−−−−1  is somewhat closed and somewhat open for each y∈ Y. That 

is (X, τ) is covered by somewhat closed and somewhat open covering (((( )))){{{{ }}}}f y : y Y .−−−− ∈∈∈∈
1

 By 

assumption, (((( ))))f y−−−− = φ= φ= φ= φ1
 or (((( ))))f y X−−−− ====

1
 for each y∈ Y. If (((( ))))f y−−−− = φ= φ= φ= φ1

 for each y ∈ Y, then f   fails 

to be a map. Therefore their exists at least one point say (((( ))))*f y ,−−−− ≠ φ≠ φ≠ φ≠ φ1
 

*y Y∈∈∈∈  such that 

(((( ))))*f y X .−−−− ====
1  This shows that f  is a constant map.  

(3)⇒(2) Let G be both somewhat open and somewhat closed in (X, τ). Suppose G .≠ φ≠ φ≠ φ≠ φ  Let 

(((( )))) (((( ))))τ → στ → στ → στ → σf : X , Y ,  be a somewhat continuous map defined by (((( )))) {{{{ }}}}f G a====  and 

(((( )))) {{{{ }}}}f X G b− =− =− =− =  where a b≠≠≠≠  and a, b ∈ Y. By assumption, f  is constant so G = X.  

 

THEOREM 6.7. Let (((( )))) (((( ))))τ → στ → στ → στ → σf : X , Y ,  be a somewhat continuous surjection and (X, τ) is 

somewhat connected. Then (Y, σ) is connected .  

PROOF. Suppose (Y, σ) is not connected. Let Y = A∪ B, where A and B are disjoint nonempty open 

subsets in (Y, σ). Since f  is somewhat continuous, (((( )))) (((( ))))X f A f B ,− −− −− −− −====
1 1U  where (((( ))))f A−−−−1

 and 

(((( ))))f B−−−−1  are disjoint nonempty somewhat open subsets in (X, τ). This disproves the fact that (X, τ) is 

somewhat connected. Hence (Y, σ) is connected. 

 

THEOREM 6.8. If (((( )))) (((( ))))τ → στ → στ → στ → σf : X , Y ,  is a somewhat irresolute surjection and X is somewhat 

connected, then Y is somewhat connected.  

PROOF. Suppose that Y is not somewhat connected. Let Y = A∪B, where A and B are nonempty 

somewhat open sets in Y. Since f  is somewhat irresolute and onto, (((( )))) (((( ))))X f A f B ,− −− −− −− −====
1 1U  where 

(((( ))))f A−−−−1
 and (((( ))))f B−−−−1

 are disjoint nonempty somewhat open sets in (X, τ). This contradicts the fact 

that (X, τ) is somewhat connected. Hence (Y, σ) is somewhat connected. 

 

THEOREM 6.9. Suppose that every somewhat closed set in X is closed in X and X is connected. 

Then X is somewhat connected. 

PROOF. Suppose that X is connected. Then X cannot be expressed as disjoint union of two 

nonempty proper open subset of X. Suppose X is not somewhat connected space. Let A and B be any 

two nonempty somewhat open subsets of X such that X = A∪ B, where A∩B = φ and A X ,⊆⊆⊆⊆  

B X .⊆⊆⊆⊆   Since every somewhat closed set in X is closed in X. So every somewhat open set in X is 

open in X. Hence A, B are open subsets of X, which contradicts that X is connected. Therefore X is 

somewhat connected. 
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THEOREM 6.10. If the somewhat open sets C and D form a separation of X and if Y is somewhat 

connected subspace of X, then Y lies entirely within C or D.  

PROOF. By hypothesis C and D are both somewhat open in X. The sets C∩Y and D∩Y are 

somewhat open in Y, these two sets are disjoint and their union is Y. If they were both nonempty, 

they would constitute a separation of Y. Therefore, one of them is empty. Hence Y must lie entirely 

in C or D.  

 

THEOREM 6.11. Let A be a somewhat connected subspace of X. If (((( ))))A B swCl A ,⊆ ⊆⊆ ⊆⊆ ⊆⊆ ⊆  then B is 

also somewhat connected.  

PROOF. Let A be somewhat connected. Let (((( ))))A B swCl A .⊆ ⊆⊆ ⊆⊆ ⊆⊆ ⊆  Suppose that B = C∪D is a 

separation of B by somewhat open sets. Thus by previous theorem above A must lie entirely in C or 

D. Suppose that A C ,⊆⊆⊆⊆  then (((( )))) (((( ))))swCl A swCl C .⊆⊆⊆⊆  Since (((( ))))swCl C  and D are disjoint, B cannot 

intersect D. This disproves the fact that D is non empty subset of B. So D = φ= φ= φ= φ  which implies B is 

somewhat connected. 

 

ACKNOWLEDGEMENT 
The author is highly and gratefully indebted to the Prince Mohammad Bin Fahd University, Al 

Khobar, Saudi Arabia, for providing necessary research facilities during the preparation of this 

research paper. 

 

REFERENCES 
1. D. Andrijevic, On b-open sets, Mat. Vesnik, 48(1996), no.1-2, 59-64. 

2. C. W. Baker, Contra somewhat continuous functions, Missouri J. Math. Sci., 27(2015), 1-8. 

3. C. W. Baker, Somewhat Open Sets, Gen. Math. Notes, Vol. 34, No. 1, May 2016, pp.29-36. 

4. S. Balasubramanian, C. Sandhya and P.A.S. Vyjayanthi, On ν−Ti, ν−Ri and ν−Ci axioms, Scientia Magna, 

4(4) (2008), 86-103. 

 5. S. Balasubramanian, C. Sandhya and P.A.S. Vyjayanthi, On ν−compact spaces, Scientia Magna, 5(1) 

(2009), 78-82.  

6.  S. Balasubramanian and P.A.S. Vyjayanthi, On νD−sets and separation axioms, Int. Journal of Math. 

Analysis, 4(19) (2010), 909-919. 

7. S. Balasubramanian1, C. Sandhya2 and P. Aruna Swathi Vyjayanthi3, Somewhat ν−Continuity, Gen. Math. 

Notes, Vol. 11, No. 2, August 2012, pp.20-34 ISSN 2219-7184;  

8. C. Carpintero, N. Rajesh, E. Rosas and S. Saran, Somewhat ω-Continuous Functions, Sarajevo Journal of 

Mathematics, Vol.11 (23), No.1, (2015), 131–137, DOI: 10.5644/SJM.11.1.119.  

9. Miguel Caldas, Saeid Jafari, and Raja M. Latif: “b – Open Sets and A New Class of Functions”, Pro 

Mathematica, Peru, Vol. 23, No. 45 – 46, pp. 155 – 174, (2009).  

10. S. G. Crossley and S. K. Hildebrand, Semi-closure, Texas J. Sci., 22(1971), 99-112. 

11. R. Devi, S. Sampathkumar and M. Caldas, On supra α open sets and S-continuous maps, General 

Mathematics, 16(2), (2008), 77-84. 

12. J. Dontchev and T. Noiri, Contra-semicontinuous functions, Mathematica Pannonica, 10(1999), 159 - 

168. 

13. C. Duraisamy and R. Vennila, Somewhat λ-Continuous Functions, Applied Mathematical Sciences, Vol. 6, 

2012, no. 39, 1945 - 1953  

 14. A. A. El-Atik, A study of some types of mappings on topological spaces, M.Sc. Thesis, (1997), Tanta 

University, Egypt.  

15.  M. Ganster, Preopen sets and resolvable spaces, Kyungpook Math. J., 27(2) (1987), 135-143. 

16.  K. R. Gentry and H. B. Hoyle, Somewhat continuous functions, Czechslovak Math. J., 21 (96) (1971), 5–

12. doi:Zbl 0222.54010.  

17. H. Z. Hdeib, ω-closed mappings, Rev. Colomb. Mat., 16 (1-2) (1982), 65–78. 

18. K. Krishnaveni and M. Vigneshwaran, Some Stronger forms of supra bTµ - continuous function, Int. J. 

Mat. Stat.Inv., 1(2), (2013), 84-87. 



International Journal of Recent Trends in Engineering & Research (IJRTER) 

Volume 04, Issue 09; September - 2018 [ISSN:  2455-1457]  

 

@IJRTER-2018, All Rights Reserved  71 

19. K. Krishnaveni and M. Vigneshwaran, On bTµ -Closed sets in supra topological Spaces, Int.J. Mat. Arc., 

4(2), (2013), 1-6. 

20. K. Krishnaveni1, M. Vigneshwaran, bTµ- compactness and bTµ - connectedness in supra topological 

spaces, European Journal of Pure and Applied Mathematics, Vol. 10, No. 2, 2017, 323-334 ISSN 1307-5543 – 

www.ejpam.com.  

21. Raja M. Latif,  On Characterizations of Mappings, Soochow Journal of Mathematics, Volume , No. 4, pp. 

475 – 495. 1993. 

22. Raja M. Latif, On Semi-Weakly Semi-Continuous Mappings, Punjab University Journal of Mathematics, 

Volume XXVIII, pp. 22 – 29, (December, 1995).   

23. Raja M. Latif, Characterizations and Applications of Gamma-Open Sets, Soochow Journal of 

Mathematics, (Taiwan), Vol. 32, No. 3, pp. 369 – 378. (July, 2006). 

24. Raja M Latif, Characterizations of Mappings in Gamma-Open Sets, Soochow Journal of Mathematics, 

(Taiwan), Vol. 33, No. 2, (April 2007), pp. 187 – 202. 

25. Raja M. Latif, Raja M. Rafiq, and M. Razaq, Properties of Feebly Totally Continuous Functions in 

Topological Spaces, UOS. Journal of Social Sciences & Humanities (UOSJSSH), ISSN # Print: 2224 – 2341. 

Special Edition 2015. pp. 72 – 84.  

26. Raja M. Latif, Characterizations of Feebly Totally Open Functions, “Advances in Mathematics and 

Computer Science and their Applications, (2016) pp. 217 – 223.  

27. Raja M. Latif, Alpha – Weakly Continuous Mappings in Topological Spaces, “International Journal of 

Advanced Information Science and Technology (IJAIST), ISSN # 231 9:2682 Vol. 51, No, 51, July 2016. pp. 

12 – 18.  

28. N. Levine, A decomposition of continuity in topological spaces, Amer. Math. Monthly, 68(1961), 44-46. 

29. N. Levine, Semi-open sets and semi-continuity in topological spaces, Amer. Math. Monthly, 70(1963), 36 - 

41. 

30. A. S. Mashhour, M.E.A. El-Monsef and S.N. El-Deep, On precontinuous and weak precontinuous 

mappings, Proc. Math. Phys. Soc. Egypt, 53(1982), 47-53. 

31. A. S. Mashhour, A. A. Allam, F. S. Mohamoud and F. H. Khedr, On supra topological spaces, Indian J. 

Pure and Appl.Math., No.4,14(1983), 502- 510. 

32. Jamal M. Mustafa, Supra b-compact and supra b - Lindelof spaces, J. Mat. App. 36, (2013), 7983. 

33. T. Noiri, On δ-continuous functions, J. Korean Math. Soc., 16(1980), 161166. 

34. T. Noiri and N. Rajesh, Somewhat b-continuous functions, J. Adv. Res. in Pure Math., 3(3) (2011), 1-7. 

35. P. G. Patil, w - compactness and w - connectedness in topological spaces, Thai. J. Mat., (12), (2014), 499 

- 507.  

36. V. Popa and T. Noiri, On the definition of some generalized forms of continuity under minimal conditions, 

Mem. Fac. Sci. Kochi Univ. (Math), 22(2001), 9-18. 

37. O. R. Sayed and Takashi Noiri, On b-open sets and supra b-Continuity on topological spaces, Eur. J. Pure 

and App. Mat., 3(2) (2010), 295-302. 

38. L. A. Steen and J. A. Seebach Jr, Counterexamples in Topology, Holt, Rinenhart and Winston, 

New York 1970. 

38.  N. V. Velicko, H-closed topological spaces, Amer. Math. Soc. Transl., 78(2) (1968), 103-118. 

39. K. Al-Zoubi and B. Al-Nashef, The topology of ω-open subsets, Al-Manarah, IX (2)(2003), 169–179. 

40. Albert Wilansky, Topology for Analysis, Devore Pblications, Inc, Mineola New York. (1980). 

41. Stephen Willard, General Topology, Reading, Mass.: Addison Wesley Pub. Co. (1970) ISBN 0486434796 

42. Stephen Willard and Raja M. Latif, Semi-Open Sets and Regularly Closed Sets in Compact Metric Spaces, 

Mathematica Japonica, Vol. 46, No.1, pp. 157 – 161, 1997. 

 


