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 Abstract 

  

 In this paper, the concept of soft �̃� semi open sets, soft �̃� semi closed sets and soft 

�̃� sg closed sets in soft topological space are introduced. Also the concept of soft 

�̃� semi closure and soft �̃� semi interior of a soft set is introduced. Moreover the 

notion of soft �̃� semi  𝑇𝑖 (𝑖 = 0,
1

2
, 1, 2) spaces are introduced and study some of 

its soft topological properties. Also the concept of soft (�̃�, 𝛽) semi continuous 

mapping is introduced and investigated some of their properties. Finally the 

concept of soft �̃� 𝑇𝑏 and soft �̃� 𝑇𝑑 spaces are introduced using soft �̃� gs closed sets 

in a soft topological spaces and investigate the relationship between them. 
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1. Introduction  
 

S. Kasahara [7] defined the concept of an operation 𝛼 on a topological space and 

introduced the concept of 𝛼  closed graph of a function. Ogata [15] called the 

operation 𝛼  (respectively 𝛼  closed set) as 𝛾 operation(respectively 𝛾  closed set) 

and introduced the notion of 𝜏𝛾  which is the collection of all 𝛾  open sets in 

topological space(𝑋, 𝜏).Further he introduced the concept of 𝛾 𝑇𝑖(𝑖 = 0,
1

2
, 1,2)  

spaces and characterized 𝛾 𝑇𝑖 spaces using the notion of 𝛾  closed sets or 𝛾 open 

sets. In 2006, G.Sai Sundara Krishnan [18] introduced the the concept of 𝛾 semi 

open sets and investigated its properties. Further he introduced (𝛾, 𝛽) continuous 

maps, (𝛾, 𝛽) homeomorphism, 𝛾 𝑇𝑏 space and 𝛾 𝑇𝑑  spaces and investigated some 

of its properties. In 2007 [19], he introduced the concept of an operation 𝛾 on a 

family of semi open sets in topological space (𝑋, 𝜏).  Using that further he 

introduced the concept of semi 𝛾 open sets and investigated the related topological 

properties. 

 In 1999, Molodtsov [11], a Russian mathematician initiated the concept of soft 

set theory. P.K. Maji, R. Biswas and A.R. Roy [10] made a theoretical study of 

soft set theory in more detail. After that many authors studied the properties and 

applications of soft set theory. In 2011, Muhammed Shahir and Munazza Naz [12] 

introduced the concept of soft topological spaces.  In 2016, A. Kalavathi and D. 

Saravanakuamr [5] introduced the concept of �̃�  operation in soft topological 

spaces. As a continuation, in this paper, in section 3, we introduced and studied 

the concept of soft �̃� semi open sets and soft �̃� semi closed sets using the concept 

of �̃� operation. In section 4, the concept of soft �̃� 𝑠𝑒𝑚𝑖 𝑇𝑖(𝑖 = 0,
1

2
, 1,2) spaces are 

introduced and characterized them using the notion of soft �̃� semi open sets and 

soft �̃� semi closed sets. In section 5, the concept of soft (�̃�, 𝛽)  semi continuous 

function is introduced and studied some of its properties. In section 6, the concept 

of soft �̃� 𝑇𝑏 and soft �̃� 𝑇𝑑  spaces are introduced using soft �̃� gs closed sets and 

investigated the relationship between them. Throughout this paper, unless 

otherwise stated, X and Y denote a soft topological space without any separation 

axioms. We use cl(A,E) and int(A,E) to denote respectively the closure and 

interior of a soft subset (A,E) of X. The set of all soft sets over the universe X is 

denoted by S(X) [14]. 

 

2 Preliminaries  
 

In this section we recall some of the basic definitions in soft topological spaces. 

 

Definition 2.1 [7] Let (𝑋, 𝜏)  be a topological space. An operation 𝛾  on the 

topology 𝜏 is a mapping from 𝜏 into the power set 𝑃(𝑋) of 𝑋 such that 𝑉 ⊂ 𝑉𝛾 for 

each 𝑉 ∈ 𝜏, where 𝑉𝛾 denotes the value of 𝛾 at 𝑉. It is denoted by 𝛾: 𝜏 → 𝑃(𝑋). 
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Definition 2.2 [15] Let (𝑋, 𝜏) be a topological space. A subset 𝐴 of a space (𝑋, 𝜏) 
will be called a 𝛾-open set of (𝑋, 𝜏) if for each 𝑥 ∈ 𝐴, there exists an open set 𝑈 

and 𝑈𝛾 ⊂ 𝐴. 𝜏𝛾 will denote the set of all 𝛾-open sets. A subset 𝐵 of (𝑋, 𝜏) is said 

to be a 𝛾-closed in (𝑋, 𝜏) if 𝑋 − 𝐵 is 𝛾-open set in (𝑋, 𝜏). 
 

Definition 2.3 [11] Let X be an initial universe and E be a set of parameters. Let 

P(X) denotes the power set of X and A be a non-empty subset of E. A pair (F, A) 

is called a soft set over X if F is a mapping given by F : A→ P(X). 

 

Definition 2.4 [17] Let X be an initial universe set, E be a set of parameters and A 

and B be a non-empty subset of E then the intersection of two soft sets (F, A) and 

(G, B) over X is the soft set (H, C), where C = A ∩ B and for every e ∈ C, H(e) = 

F(e) ∩ G(e) . This is denoted by (F, A) ∩ (G, B) = (H, C). 

 

Definition 2.5 [17] Let X be an initial universe set, E be a set of parameters and A 

and B be a non-empty subset of E then the union of two soft sets (F, A) and (G, B) 

over X is the soft set (H, C), where C = A ∪ B and 

 for every e  ∈C, H(e) =  {

𝐹(𝑒),                𝑖𝑓 𝑒 ∈ 𝐴 − 𝐵

𝐺(𝑒),               𝑖𝑓 𝑒 ∈ 𝐵 − 𝐴

𝐹(𝑒) ∪ 𝐺(𝑒), 𝑖𝑓 𝑒 ∈ A ∩  B 

     This relationship is 

denoted by (F, A) ∪ (G, B) = (H, C). 

 

Definition 2.6 [12] Let X be an initial universe set and E be a set of parameters. 

Let Y be a non-empty subset of X, then �̃� denotes the soft set (Y, E) over X for 

which Y(e) = Y, for all e ∈ E. In particular, (X, E) will be denoted by �̃�. 

 

Definition 2.7 [10] Let X be an initial universe set, E be a set of parameters and A 

be the non-empty subset of E then the  complement of a soft set (F,A) is denoted 

by (𝐹, 𝐴)′ and is defined by (𝐹, 𝐴)′ = (𝐹′, 𝐴) where 𝐹′: 𝐴 → 𝑃(𝑋)  is a mapping 

given by 𝐹′ (e) = X-F(e) for all e ∈ A. 

 

Definition 2.8 [12] Let X be an initial universe set and E be a set of parameters. 

Let �̃� be the collection of soft sets over X, then �̃� is said to be a soft topology on X 

if  

(1) ∅ ,�̃� belongs to �̃�  
(2) The union of any number of soft sets in �̃� belongs to �̃� 
(3) The intersection of any two sets in  �̃� belongs to �̃� 
 

The triplet (𝑋, �̃�, 𝐸) is called a soft topological space over 𝑋. Let (𝑋, �̃�, 𝐸) be a 

soft topological space over 𝑋, then the members of �̃� are said to be soft open sets 

in 𝑋. If (𝑋, �̃�, 𝐸) is a soft topological space with �̃� = {Φ, X
~

}, then �̃� is called the 

soft indiscrete topology on 𝑋 and (𝑋, �̃� , 𝐸) is said to be a soft indiscrete 

topological space. If (𝑋, �̃�, 𝐸) is a soft topological space with �̃� discrete topology 

on X  then (𝑋, �̃�, 𝐸) is said to be a soft discrete topological space. 
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Definition 2.9 [12] Let X be an initial universe set, E be a set of parameters and A 

be the non-empty subset of E. Let (𝑋, �̃�, 𝐸) be a soft topological space over X. 

Then a soft set (F, A) over X  is said to be a soft closed in X  if its relative 

complement (𝐹, 𝐴)′ belongs to �̃�. 
 

Definition 2.10 [12] Let X be an initial universe set, E be a set of parameters and 

A be the non-empty subset of E. Let (𝑋, �̃�, 𝐸) be a soft topological space over X 

and (F,A) be a soft subset over X . Then the soft closure of (F,A), denoted by 

cl(F,A) is the intersection of all soft closed super sets of (F,A). 

 

Definition 2.11 [12] Let X be an initial universe set, E be a set of parameters and 

A be a non-empty subset of E. Let (𝑋, �̃�, 𝐸) be a soft topological space over X. 

Then soft interior of soft subset (F, A) over X  is denoted by int(F,A)  and is 

defined as the union of all soft open sets contained in (F,A). 

 

Definition 2.12 [9] Let X be an initial universe set, E be a set of parameters and A 

be the non-empty subset of E. Let (𝑋, �̃�, 𝐸) be a soft topological space over X. 

Then a soft set (F, A) over X  is said to be a soft semi open in X if there exists a 

soft open set (G, A) such that (G, A) ⊆̃ (F, A) ⊆̃ cl(G, A).The complement of soft 

semi open set is called soft semi closed set in X. 

 

Definition 2.13 [20] Let X be an initial universe set, E be a set of parameters and 

A be the non-empty subset of E. Let (𝑋, �̃�, 𝐸) be a soft topological space over X. 

Then soft subset (F, A)  over X  is called a soft point in (𝑋, 𝐸) denoted by 𝑒𝐹 if 

for the element 𝑒 ∈ 𝐴, 𝐹(𝑒) ≠ ∅ and 𝐹(𝑒′) = ∅, ⩝ 𝑒′ ∈ 𝐴 − {𝑒}.The soft point 

𝑒𝐹is said to be in the soft set (𝐺, 𝐸), denoted by 𝑒𝐹 ∈ (𝐺, 𝐸), if for the element 𝑒 ∈
𝐴, 𝐹(𝑒) ∈ 𝐺(𝑒).  
 

Definition 2.14 [14] Let X be an initial universe set, E be a set of parameters and 

A be the non-empty subset of E. Let (𝑋, �̃�, 𝐸) be a soft topological space over X. 

Then soft subset (F, A) over X  is called a soft element in (𝑋, 𝐸) denoted by 𝐹𝑒
𝑥, 

if there exist e ∈ 𝐴 such that 𝐹(𝑒) is a singleton , say {𝑥},and 𝐹(𝑒′) = ∅,⩝ 𝑒′ ∈
𝐴 − {𝑒}. The soft element 𝐹𝑒

𝑥 is said to be in the soft set (𝐺, 𝐸), denoted by 𝐹𝑒
𝑥 ∈

(𝐺, 𝐸), if 𝑥 ∈ 𝐺(𝑒).  
 

Definition 2.15 [8] Let (𝑋, 𝐸) and (𝑌, 𝐾) be soft classes. Let 𝑢: 𝑋 → 𝑌 and 𝑝: 𝐸 

→ 𝐾 be mappings. Then a mapping 𝑓: (𝑋, 𝐸) → (𝑌, 𝐾) is defined as follows: for a 

soft set (𝐹, 𝐴) in (𝑋, 𝐸), (𝑓 (𝐹, 𝐴), 𝐵), 𝐵 = (𝐴) ⊆̃ 𝐾 is a soft set in (𝑌, 𝐾) given by   

𝑓(𝐹, 𝐴)(𝛽) = 𝑢(∪F(α)α∈p−1(β)∩A) for 𝛽 ∈ 𝐾. (𝑓(𝐹, 𝐴), 𝐵) is called a soft image of 

a soft set (𝐹, 𝐴). If 𝐵 = 𝐾, then we will write (𝑓(𝐹, 𝐴), 𝐾) as 𝑓(𝐹, 𝐴). 

 

Definition 2.16 [8] Let 𝑓: (𝑋, 𝐸) → (𝑌, 𝐾) be a mapping from a soft class (𝑋, 𝐸) 

to another soft class (𝑌, 𝐾), and let (𝐺, 𝐶) be a soft set in soft class (𝑌, 𝐾), where 𝐶 

⊆̃ 𝐾. Let 𝑢: 𝑋 → 𝑌 and 𝑝: 𝐸 → 𝐾 be mappings. Then (𝑓−1(𝐺, 𝐶), 𝐷), 𝐷 = 𝑝−1 (𝐶), 

is a soft set in the soft class (𝑋, 𝐸), defined as follows: 𝑓−1 (𝐺, 𝐶)(𝛼) = 𝑢−1(𝐺(𝑝 



 

Soft �̃� semi open sets in soft topological spaces                                                  779 

 

 

(𝛼))) for 𝛼 ∈ 𝐷 ⊆̃ 𝐸. (𝑓−1 (𝐺, 𝐶), 𝐷) is called a soft inverse image of (𝐺, 𝐶). 

Hereafter we will write (𝑓−1 (𝐺, 𝐶), 𝐸) as 𝑓−1 (𝐺, 𝐶). 

 

Definition 2.17 [5] Let (𝑋, �̃�, 𝐸) be a soft topological space. An operation �̃� on the 

soft topology �̃� is a mapping from a soft topology �̃� into the soft power set 𝑆(𝑋) of 

𝑋 such that (𝑉, 𝐸) ⊆̃ (𝑉, 𝐸)�̃� for each (𝑉, 𝐸) ∈ �̃� , where (𝑉, 𝐸)�̃� denote the value 

of �̃� at (𝑉, 𝐸) and it is denoted by �̃�: �̃�  → 𝑆(𝑋). 
 

Definition 2.18 [5] A subset (𝐴, 𝐸) of a space (𝑋, �̃�, 𝐸) will be called a soft �̃� 

open set of (𝑋, �̃�, 𝐸) if for each 𝑒𝐹 ∈ (𝐴, 𝐸), there exists a soft open set (𝑈, 𝐸) 
such that 𝑒𝐹 ∈ (𝑈, 𝐸)  and (𝑈, 𝐸)�̃� ⊆̃ (𝐴, 𝐸). �̃��̃�  will denote the set of all soft 

�̃� open sets.  

 

Definition 2.19 [5] A soft topological space (𝑋, �̃�, 𝐸)is said to be soft �̃� regular if 
for each 𝑒𝐹 ∈ (𝑋, 𝐸) and for each soft open set (𝑉, 𝐸) of 𝑒𝐹 , there exists a soft 

open set (𝑈, 𝐸) of 𝑒𝐹 such that (𝑈, 𝐸)�̃� ⊆̃ (𝑉, 𝐸).       
 

Definition 2.20 [5] Let (𝑋, �̃�, 𝐸) be a soft topological space. An operation �̃� on the 

soft topology �̃� is said to be soft regular if for every soft open set (𝑈, 𝐸) and  
(𝑉, 𝐸)  of each 𝑒𝐹 ∈ (𝑋, 𝐸) , there exists a soft open set(𝑊, 𝐸) of 𝑒𝐹  such that 

(𝑈, 𝐸)�̃� ∩ (𝑉, 𝐸)�̃� ⊇̃ (𝑊, 𝐸)�̃�. 
 

Definition 2.21 [5] Let (𝑋, �̃�, 𝐸)be a soft topological space. An operation �̃� on the 

soft topology �̃� is said to be soft open if for every soft open set (𝑈, 𝐸) of each 

𝑒𝐹 ∈ (𝑋, 𝐸) , there exists a soft �̃�  open set (𝑆, 𝐸)  such that 𝑒𝐹 ∈ (𝑆, 𝐸)  and 

(𝑈, 𝐸)�̃� ⊇̃ (𝑆, 𝐸). 
 

Definition 2.22 [5] A soft element 𝐹𝑒
𝑥 ∈ (𝑋, 𝐸)  is in the �̃�  closure of a set 

(𝐹, 𝐸) ⊆̃ (𝑋, 𝐸) if (𝑈, 𝐸)�̃� ∩ (𝐹, 𝐸) ≠ ∅ for each soft open set (𝑈, 𝐸) of 𝐹𝑒
𝑥. The �̃� 

closure of a set (𝐹, 𝐸) is denoted by 𝑐𝑙�̃�(𝐹, 𝐸).  A soft subset  (𝐹, 𝐸) of 𝑋 is said 

to be soft �̃� closed if 𝑐𝑙�̃�(𝐹, 𝐸) ⊆̃ (𝐹, 𝐸).  

 

Definition 2.23 [5] Let be (𝑋, �̃�, 𝐸) a soft topological space, �̃�  be an operation on 

�̃�, and  (𝐴, 𝐸) be a soft subset of 𝑋. Then soft �̃��̃� closure of (𝐴, 𝐸) is defined as the 

intersection of all all soft  �̃� closed sets containing (𝐴, 𝐸). 

That is, �̃��̃�𝑐𝑙(𝐴, 𝐸) =∩ {(𝐹, 𝐸): (𝐹, 𝐸) ⊇̃ (𝐴, 𝐸), 𝑋 − (𝐹, 𝐸) ∈ �̃��̃�}. 

 

Definition 2.24 [5] Let be (𝑋, �̃�, 𝐸) a soft topological space, �̃�  be an operation on 

�̃� and  (𝐴, 𝐸) be a soft subset of 𝑋. Then soft �̃��̃� interior of  (𝐴, 𝐸) is defined as 

union of all soft  �̃� open sets contained in (𝐴, 𝐸). 
That is, �̃��̃�𝑖𝑛𝑡(𝐴, 𝐸) =∪ {(𝑈, 𝐸): (𝑈, 𝐸) is a soft �̃� open set and (U, E) ⊆̃ (A, E)}.   
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Definition 2.25 [5] A soft subset (𝐴, 𝐸) of a soft topological space (𝑋, �̃�, 𝐸) with 

an operation �̃�  on �̃� is called a soft �̃�  generalized closed(soft �̃� g closed) set if 

𝑐𝑙�̃�(𝐴, 𝐸) ⊆̃ (𝑈, 𝐸)  whenever (𝐴, 𝐸) ⊆̃ (𝑈, 𝐸)  and (𝑈, 𝐸)  is soft �̃�  open set in 

(𝑋, �̃�, 𝐸). 
 

Definition 2.25 [5] A soft space (𝑋, �̃�, 𝐸) is called  

(i) a soft �̃� 𝑇0 space if for each distinct points 𝑥, 𝑦 ∈ 𝑋 then there exists soft 

open set such that either 𝑥 ∈ (𝑈, 𝐸)  and 𝑦 ∉ (𝑈, 𝐸)�̃�,  or 𝑦 ∈ (𝑈, 𝐸)   and 𝑥 ∉
(𝑈, 𝐸) �̃�. 
(ii) a soft �̃� 𝑇1 space if for each distinct points 𝑥, 𝑦 ∈ 𝑋 then there exists soft 

open sets (𝑈, 𝐸) , (𝑉, 𝐸)  containing 𝑥 and 𝑦 respectively such that  𝑦 ∉ (𝑈, 𝐸) �̃� 

and 𝑥 ∉ (𝑉, 𝐸) �̃�. 
(iii) a soft �̃� 𝑇2 space if for each distinct points 𝑥, 𝑦 ∈ 𝑋 then there exists soft 

open sets (𝑈, 𝐸) , (𝑉, 𝐸)  such that  𝑥 ∈ (𝑈, 𝐸) , 𝑦 ∈ (𝑉, 𝐸)   and  (𝑈, 𝐸) �̃� ∩
(𝑉, 𝐸) �̃� = ∅. 
 (iv)     a soft �̃� 𝑇1

2

 space if every soft �̃� g closed set of (𝑋, �̃�, 𝐸) is soft �̃�  closed. 

 

3. Soft �̃� Semi Open Sets 
 

Definition 3.1: Let (𝑋, �̃�, 𝐸) be a soft topological space and  �̃� be a operation on �̃�. 
Then a soft set  (𝐴, 𝐸) is said to be a soft �̃� semi open if and only if there exists a 

soft �̃� open set (𝑈, 𝐸) such that (𝑈, 𝐸) ⊆̃ (𝐴, 𝐸) ⊆̃ �̃��̃�𝑐𝑙(𝑈, 𝐸). The family of all 

soft �̃� semi open sets in (𝑋, �̃�, 𝐸) is denoted by �̃��̃� − 𝑆𝑆𝑂(𝑋). 

 

Example 3.2 Let 𝑋 = {ℎ1, ℎ2, ℎ3} , 𝐸 = {𝑒1, 𝑒2}  and �̃� =
{(𝐹1, 𝐸), (𝐹2, 𝐸), (𝐹3, 𝐸), (𝐹4, 𝐸), 𝑋, ∅} 
Where (𝐹1, 𝐸) = {(𝑒1, {ℎ1}), (𝑒2, {ℎ1})},     (𝐹2, 𝐸) = {(𝑒1, {ℎ3}), (𝑒2, {ℎ3})},  
 (𝐹3, 𝐸) = {(𝑒1, {ℎ1, ℎ2}), (𝑒2, {ℎ1, ℎ2})},    (𝐹4, 𝐸) = {(𝑒1, {ℎ1, ℎ3}), (𝑒2, {ℎ1, ℎ3})}, 
Then define a operation �̃�: �̃�  → 𝑆(𝑋) such that 𝛾(𝐴, 𝐸) = (𝐴, 𝐸) ∪ (𝐹1, 𝐸) for 

(𝐴, 𝐸) ∈ �̃�. Hence�̃��̃� = {(𝐹1, 𝐸), (𝐹3, 𝐸), (𝐹4, 𝐸), 𝑋, ∅} and  �̃��̃� − 𝑆𝑆𝑂(𝑋) = 

{(𝐹1, 𝐸), (𝐹3, 𝐸), (𝐹4, 𝐸), (𝐹5, 𝐸), (𝐹6, 𝐸), (𝐹7, 𝐸), (𝐹8, 𝐸), 𝑋, ∅} where     
(𝐹5, 𝐸){(𝑒1, {ℎ1}), (𝑒2, {ℎ1, ℎ2})},                         (𝐹6, 𝐸){(𝑒1, {ℎ1, ℎ2}), (𝑒2, {ℎ1})},         
(𝐹7, 𝐸) = {(𝑒1, {ℎ1, ℎ3}), (𝑒2, 𝑋)} 𝑎𝑛𝑑                 (𝐹8, 𝐸){(𝑒1, 𝑋), (𝑒2, {ℎ1, ℎ3})}. 
 

Remark 3.3: Let (𝑋, �̃�, 𝐸) be a soft topological space and  �̃� be an operation on �̃�. 
Then for any soft subset (𝐴, 𝐸) of (𝑋, �̃�, 𝐸), the following holds good: 

(i)  �̃��̃�int(𝐴, 𝐸) is a soft �̃� open set contained in (𝐴, 𝐸). 

(ii) (𝐴, 𝐸) is soft �̃� open set if and only if �̃��̃�int(𝐴, 𝐸) = (𝐴, 𝐸). 

 

Remark 3.4: If (𝑋, �̃�, 𝐸) is a soft �̃� regular space then �̃��̃�int(𝐴, 𝐸) = 𝑖𝑛𝑡(𝐴, 𝐸). 
Proof: proof of the remark follows from the Theorem 3.9[5]. 
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Theorem 3.5: Let (𝑋, �̃�, 𝐸) be a soft topological space and  �̃� be an operation 

on �̃�. Then for any two soft subsets (𝐴, 𝐸) and (B, 𝐸) of (𝑋, �̃�, 𝐸), the following 

holds good: 

(i) (𝐴, 𝐸) ⊆̃ (B, 𝐸) then �̃��̃�int(𝐴, 𝐸) ⊆̃ �̃��̃�int(B, 𝐸). 

(ii) �̃��̃�int(𝐴, 𝐸) ∪ �̃��̃�int(B, 𝐸) ⊆̃ �̃��̃�int((𝐴, 𝐸) ∪ (B, 𝐸)). 

(iii) 𝐼𝑓 �̃�  is a soft regular operation then �̃��̃�int(𝐴, 𝐸) ∩ �̃��̃� int (B, 𝐸) =

            �̃��̃�int((𝐴, 𝐸) ∩ (B, 𝐸)). 

Proof: Proof of (i) and (ii) is directly followed from the definition of �̃��̃� interior of 

a soft set. 

Proof of (iii) is followed from the definition of �̃��̃�  interior of a soft set and 

Theorem3.13 [5]. 

 

Theorem 3.6: Let (𝑋, �̃�, 𝐸) be a soft topological space and  �̃� be an operation 

on �̃�. Then for any soft subset (𝐴, 𝐸) of (𝑋, �̃�, 𝐸) is soft �̃� semi open if and only if 

(𝐴, 𝐸) ⊆̃ �̃��̃�𝑐𝑙(�̃��̃�int(A, E)). 

 

Proof: Let (𝐴, 𝐸) ⊆̃ �̃��̃�𝑐𝑙(�̃��̃�int(A, E)).  Take (𝑈, 𝐸) = �̃��̃�int(A, E), then from 

Remark 3.3(i), (𝑈, 𝐸) is a soft �̃� open set such that (𝑈, 𝐸) ⊆̃ (𝐴, 𝐸) ⊆̃ �̃��̃�𝑐𝑙(𝑈, 𝐸). 

Conversely, let (𝐴, 𝐸) be a soft �̃� semi open set, then there exists a soft �̃� open set 

(𝑈, 𝐸) such that (𝑈, 𝐸) ⊆̃ (𝐴, 𝐸) ⊆̃ �̃��̃�𝑐𝑙(𝑈, 𝐸).  Since (𝑈, 𝐸) ⊆̃ �̃��̃�𝑖𝑛𝑡(𝐴, 𝐸),  thus 

�̃��̃�𝑐𝑙(𝑈, 𝐸) ⊆̃ �̃��̃�𝑐𝑙(�̃��̃�int(A, E)). Hence (𝐴, 𝐸) ⊆̃ �̃��̃�𝑐𝑙(�̃��̃�int(A, E)). 

 

Theorem 3.7: Let (𝑋, �̃�, 𝐸) be a soft topological space and  �̃� be an operation 

on �̃�. Then every soft �̃� open set in (𝑋, �̃�, 𝐸) is soft �̃� semi open set. 

 

Remark 3.8: The converse of the above theorem need not be true. In the example 

3.2, (𝐹7, 𝐸)  is a soft �̃� semi open set but it is not a �̃� open set. 

 

Remark 3.9: In a soft topological space, soft semi open sets and soft �̃� semi open 

sets are independent where �̃� is an operation on �̃�. 
In the example 3.2, the soft set (𝐹2, 𝐸) = {(𝑒1, {ℎ3}), (𝑒2, {ℎ3})}  is soft 

semi open but not a soft �̃� semi open.  

Let = {ℎ1, ℎ2, ℎ3} , 𝐸 = {𝑒1, 𝑒2} and �̃� =
{(𝐹1, 𝐸), (𝐹2, 𝐸), (𝐹3, 𝐸), (𝐹4, 𝐸), (𝐹5, 𝐸), (𝐹6, 𝐸)(𝐹7, 𝐸), 𝑋, ∅} 
where (𝐹1, 𝐸) = {(𝑒1, {ℎ2}), (𝑒2, {ℎ1})},   (𝐹2, 𝐸) = {(𝑒1, {ℎ2}), (𝑒2, {ℎ1, ℎ2})},  
 (𝐹3, 𝐸) = {(𝑒1, {ℎ3}), (𝑒2, {ℎ1, ℎ2})},       (𝐹4, 𝐸) = {(𝑒1, {ℎ2, ℎ3}), (𝑒2, {ℎ1, ℎ2})}, 
(𝐹5, 𝐸) = {(𝑒1, {∅}), (𝑒2, {ℎ1})},                (𝐹6, 𝐸) = {(𝑒1, {∅}), (𝑒2, {ℎ1, ℎ2})}  and 

(𝐹7, 𝐸) = {(𝑒1, {ℎ1, ℎ3}), (𝑒2, {𝑋})}.    
Then for ℎ2 ∈ 𝑋, define an operation �̃� ∶ �̃� → 𝑆(𝑋) such that 

  𝛾(𝐴, 𝐸) = (𝐴, 𝐸)𝛾 = {
(𝐴, 𝐸)              𝑖𝑓       ℎ2 ∈ (𝐴, 𝐸) 

𝑐𝑙(𝐴, 𝐸)         𝑖𝑓       ℎ2 ∉ (𝐴, 𝐸).
 

Hence �̃��̃� = {(𝐹2, 𝐸), (𝐹4, 𝐸), 𝑋, ∅}. Here the soft set (𝐹, 𝐸) = {(𝑒1, {ℎ2}), (𝑒2, 𝑋)} 

is soft �̃� semi open but not semi open. 
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Theorem 3.10: If a soft topological space (𝑋, �̃�, 𝐸) is soft �̃�  regular, then the 

concept of soft semi open sets and soft �̃� semi open sets coincide. 

 

Proof: Proof of the theorem is followed from the Theorem 3.9[5] and Theorem 

3.21[5]. 

 

Theorem 3.11: Let (𝑋, �̃�, 𝐸) be a soft topological space, �̃� be an operation on �̃� 
and  {(𝐴, 𝐸)𝛼: 𝛼 ∈ 𝐽} be the family of soft �̃�  semi open sets in (𝑋, �̃�, 𝐸). Then 

⋃ (𝐴, 𝐸)𝛼𝛼∈𝐽  is also a soft �̃� semi open set. 

 

Proof: Given {(𝐴, 𝐸)𝛼: 𝛼 ∈ 𝐽} be the family of soft �̃� semi open sets in (𝑋, �̃�, 𝐸), 
then for each (𝐴, 𝐸)𝛼 there exists a soft �̃� open set (𝑈, 𝐸)𝛼 such that 

(𝑈, 𝐸)𝛼 ⊆̃ (𝐴, 𝐸)𝛼 ⊆̃ �̃��̃�𝑐𝑙((𝑈, 𝐸)𝛼). Hence ∪ (𝑈, 𝐸)𝛼 ⊆̃∪ (𝐴, 𝐸)𝛼 ⊆̃∪

�̃��̃�𝑐𝑙((𝑈, 𝐸)𝛼) ⊆̃ �̃��̃�𝑐𝑙(∪ (𝑈, 𝐸)𝛼). Since ∪ (𝑈, 𝐸)𝛼 is soft �̃� open , hence ∪
(𝐴, 𝐸)𝛼 is soft �̃� semi open sets in (𝑋, �̃�, 𝐸). 
 

Remark 3.12: The following example shows that the intersection of two soft �̃� 

semi open sets in (𝑋, �̃�, 𝐸) need not be a soft �̃� semi open set.  

Let = {ℎ1, ℎ2, ℎ3} , 𝐸 = {𝑒1, 𝑒2} and �̃� =
{(𝐹1, 𝐸), (𝐹2, 𝐸), (𝐹3, 𝐸), (𝐹4, 𝐸), (𝐹5, 𝐸), (𝐹6, 𝐸)(𝐹7, 𝐸), 𝑋, ∅} 
where (𝐹1, 𝐸) = {(𝑒1, {ℎ2}), (𝑒2, {ℎ1})},      (𝐹2, 𝐸) = {(𝑒1, {ℎ2}), (𝑒2, 𝑋)},  
(𝐹3, 𝐸) = {(𝑒1, {ℎ1, ℎ3}), (𝑒2, {ℎ2, ℎ3})},      (𝐹4, 𝐸) = {(𝑒1, ∅), (𝑒2, 𝑋)}, 
(𝐹5, 𝐸) = {(𝑒1, {∅}), (𝑒2, {ℎ1})},                    (𝐹6, 𝐸) = {(𝑒1, {∅}), (𝑒2, {ℎ2, ℎ3})} and  

(𝐹7, 𝐸) = {(𝑒1, {ℎ1, ℎ3}), (𝑒2, {𝑋})}.    
Then for ℎ1 ∈ 𝑋, define an operation �̃� ∶ �̃� → 𝑆(𝑋)  such that 

𝛾(𝐴, 𝐸) = (𝐴, 𝐸)𝛾 = {
(𝐴, 𝐸)              𝑖𝑓       ℎ1 ∈ (𝐴, 𝐸) 

𝑐𝑙(𝐴, 𝐸)         𝑖𝑓       ℎ1 ∉ (𝐴, 𝐸).
 

Hence �̃��̃� = {(𝐹1, 𝐸), (𝐹3, 𝐸), (𝐹7, 𝐸), 𝑋, ∅}.  Here (𝐹1, 𝐸)  and (𝐹7, 𝐸)  are soft �̃� 

semi open sets but whose intersection is not a soft �̃� semi open set. 

 

Definition 3.13: Let (𝑋, �̃�, 𝐸) be a soft topological space and �̃� be an operation 

on  �̃�.  Then a soft subset (𝐴, 𝐸)  is called soft �̃�  semi closed if and only if its 

relative complement is soft �̃� semi open. 

 

Definition 3.14: Let (𝑋, �̃�, 𝐸) be a soft topological space, �̃� be an operation on �̃� 
and a soft subset (𝐴, 𝐸)  of (𝑋, �̃�, 𝐸).  Then �̃��̃�  semi closure of (𝐴, 𝐸)  is the 

intersection of all soft �̃� semi closed sets containing  (𝐴, 𝐸) and it is denoted by 

�̃��̃�𝑠𝑠𝑐𝑙(𝐴, 𝐸).  𝑖𝑒, �̃��̃�𝑠𝑠𝑐𝑙(𝐴, 𝐸) = ∩

{(𝐹, 𝐸): (𝐹, 𝐸)𝑖𝑠 𝑠𝑜𝑓𝑡 �̃� 𝑠𝑒𝑚𝑖 𝑐𝑙𝑜𝑠𝑒𝑑 𝑎𝑛𝑑 (𝐴, 𝐸) ⊆̃ (𝐹, 𝐸)}.  
 

Remark 3.15: �̃��̃�𝑠𝑠𝑐𝑙(𝐴, 𝐸) is a soft �̃� semi closed set containing (𝐴, 𝐸).  
Proof: Proof of the Remark followed from the Definition 3.13, 3.14 and Theorem 

3.11. 
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Theorem 3.16: Let (𝑋, �̃�, 𝐸) be a soft topological space and �̃� be a soft operation 

on  �̃�.  For a soft point 𝑒𝐹 ∈ (𝑋, 𝐸), 𝑒𝐹 ∈ �̃��̃�𝑠𝑠𝑐𝑙(𝐴, 𝐸)   if and only if (𝑉, 𝐸) ∩
(𝐴, 𝐸) ≠ ∅ for any soft set  (𝑉, 𝐸) ∈ �̃��̃�𝑆𝑆𝑂(𝑋)  such that 𝑒𝐹 ∈ (𝑉, 𝐸). 

 

Proof Let (𝐹0, 𝐸) be the set of all 𝑒𝐹 ∈ (𝑋, 𝐸) such that (𝑉, 𝐸) ∩ (𝐴, 𝐸) ≠ ∅ for 

any (𝑉, 𝐸) ∈ �̃��̃�𝑆𝑆𝑂(𝑋)  and 𝑒𝐹 ∈ (𝑉, 𝐸).  To show that 𝑒𝐹 ∈ �̃��̃�𝑠𝑠𝑐𝑙(𝐴, 𝐸)  it is 

enough to show that (𝐹0, 𝐸) = �̃��̃�𝑠𝑠𝑐𝑙(𝐴, 𝐸).  Let 𝑒𝐹 ∈ �̃��̃�𝑠𝑠𝑐𝑙(𝐴, 𝐸).  Let us 

assume that 𝑒𝐹 ∉ (𝐹0, 𝐸) then there exists a soft  �̃� semi open set (𝑈, 𝐸) of 𝑒𝐹 such 

that (𝑈, 𝐸) ∩ (𝐴, 𝐸) = ∅ . Hence (𝐴, 𝐸) ⊆̃ (𝑈, 𝐸)′  and therefore 

�̃��̃�𝑠𝑠𝑐𝑙(𝐴, 𝐸) ⊆̃ (𝑈, 𝐸)
′. Hence 𝑒𝐹 ∉ �̃��̃�𝑠𝑠𝑐𝑙(𝐴, 𝐸) which is a contradiction. Hence 

�̃��̃�𝑠𝑠𝑐𝑙(𝐴, 𝐸) ⊆̃ (𝐹0, 𝐸).  Conversely, let (𝐹, 𝐸)  be a soft set such that 

(𝐴, 𝐸) ⊆̃ (𝐹, 𝐸) and (𝐹, 𝐸)′ ∈ �̃��̃�𝑆𝑆𝑂(𝑋).If 𝑒𝐹 ∉ (F, E), then we have 𝑒𝐹 ∈ (𝐹, 𝐸)′ 

and (𝐹, 𝐸)′ ∩ (𝐴, 𝐸) = ∅. Hence 𝑒𝐹 ∉ (𝐹0, 𝐸),  we have (𝐹0, 𝐸) ⊆̃ (𝐹, 𝐸)  and 

(𝐹0, 𝐸) ⊆̃ �̃��̃�𝑠𝑠𝑐𝑙(𝐴, 𝐸). 

 

Remark 3.17: Let (𝑋, �̃�, 𝐸) be a soft topological space and �̃� be an operation on �̃�. 
Let (𝐴, 𝐸)  be a soft subset of (𝑋, �̃�, 𝐸) , then from the Theorem 3.7 and the 

Definition 3.13 we have (𝐴, 𝐸) ⊆̃ �̃��̃�𝑠𝑠𝑐𝑙(𝐴, 𝐸) ⊆̃ �̃��̃�𝑐𝑙(𝐴, 𝐸). 

 

Remark 3.18: Let (𝑋, �̃�, 𝐸) be a soft topological space and �̃� be a soft operation 

on �̃�. Then a soft subset (𝐴, 𝐸) of (𝑋, �̃�, 𝐸) is soft  �̃� semi closed if and only if 

�̃��̃�𝑠𝑠𝑐𝑙(𝐴, 𝐸) = (𝐴, 𝐸). 

 

Definition 3.19: Let (𝑋, �̃�, 𝐸) be a soft topological space and �̃� be an operation 

on �̃�. Let (𝐴, 𝐸) be a soft subset of (𝑋, �̃�, 𝐸).Then �̃��̃� semi interior of (𝐴, 𝐸) is the 

union of all soft  �̃�  semi open sets contained in (𝐴, 𝐸)  and it is denoted by 

�̃��̃�𝑠𝑠𝑖𝑛𝑡(𝐴, 𝐸). That is �̃��̃�ssint(𝐴, 𝐸) =∪ {(𝑈, 𝐸): (𝑈, 𝐸) is a soft �̃� semi open  set 

and (𝑈, 𝐸) ⊆̃ (𝐴, 𝐸)}.   
 

Theorem 3.20: Let (𝑋, �̃�, 𝐸) be a soft topological space and �̃� be a soft operation 

on �̃�. For any  soft subset (𝐴, 𝐸) of (𝑋, �̃�, 𝐸) the following holds good: 

(i) �̃��̃�ssint(𝐴, 𝐸) is a soft  �̃� semi open set contained in (𝐴, 𝐸) 

(ii) �̃��̃�ssint(𝐴, 𝐸) = (𝐴, 𝐸) if and only if (𝐴, 𝐸) is soft  �̃� semi open set. 

(iii) �̃��̃�ssint(𝐴, 𝐸) = �̃� − �̃��̃�sscl(𝐴, 𝐸)′. 

(iv) �̃��̃�sscl(𝐴, 𝐸) =  �̃� − �̃��̃�ssint(𝐴, 𝐸)′. 

(v) �̃��̃�int(𝐴, 𝐸) ⊆̃ �̃��̃�ssint(𝐴, 𝐸). 

 

Theorem 3.21: Let (𝑋, �̃�, 𝐸) be a soft topological space, �̃�  be a soft operation 

on �̃�. For any  two soft  subsets (𝐴, 𝐸) and (𝐵, 𝐸)  of (𝑋, �̃�, 𝐸), the following holds 

good: 

(i) (𝐴, 𝐸) ⊆̃ (𝐵, 𝐸) then �̃��̃�ssint(𝐴, 𝐸) ⊆̃ �̃��̃�ssint(𝐵, 𝐸). 

(ii) �̃��̃�ssint((𝐴, 𝐸) ∪ (𝐵, 𝐸)) = �̃��̃�ssint(𝐴, 𝐸) ∪ �̃��̃�ssint(𝐵, 𝐸). 
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(iii) �̃��̃�ssint((𝐴, 𝐸) ∩ (𝐵, 𝐸)) ⊆̃ �̃��̃�ssint(𝐴, 𝐸) ∩ �̃��̃�ssint(𝐵, 𝐸). 
 

4. Separation Axioms 
 

Definition 4.1: A soft space (𝑋, �̃�, 𝐸) is called a soft �̃�  semi 𝑇0space if for each 

distinct points 𝑥, 𝑦 ∈ 𝑋, there exists soft �̃�  semi open set (𝑈, 𝐸)such that either 

𝑥 ∈ (𝑈, 𝐸) and 𝑦 ∉ (𝑈, 𝐸) or 𝑦 ∈ (𝑈, 𝐸)  and 𝑥 ∉ (𝑈, 𝐸). 
 

Definition 4.2: A soft space (𝑋, �̃�, 𝐸) is called a soft �̃�  semi 𝑇1 space if for each 

distinct points 𝑥, 𝑦 ∈ 𝑋,  there exists soft �̃�  semi open sets (𝑈, 𝐸) , (𝑉, 𝐸)  
containing 𝑥 and 𝑦 respectively such that  𝑦 ∉ (𝑈, 𝐸) and 𝑥 ∉ (𝑉, 𝐸). 
 

Definition 4.3: A soft space (𝑋, �̃�, 𝐸) is called a soft �̃�  semi 𝑇2 space if for each 

distinct points 𝑥, 𝑦 ∈ 𝑋, there exists soft �̃� semi open sets (𝑈, 𝐸) , (𝑉, 𝐸) such that 

 𝑥 ∈ (𝑈, 𝐸) , 𝑦 ∈ (𝑉, 𝐸)   and  (𝑈, 𝐸)  ∩ (𝑉, 𝐸) = ∅. 
 

Definition 4.4: A soft subset (𝐴, 𝐸) of a soft topological space (𝑋, �̃�, 𝐸) with an 

operation �̃�  on �̃� is called a soft �̃�  semi generalized closed (soft �̃� sg closed) set if 

�̃��̃�sscl(𝐴, 𝐸) ⊆̃ (𝑈, 𝐸) whenever (𝐴, 𝐸) ⊆̃ (𝑈, 𝐸) and (𝑈, 𝐸) is soft �̃�  semi open 

set in (𝑋, �̃�, 𝐸). 
 

Remark 4.5: From the above definition it is clear that soft �̃� semi closed set in 

(𝑋, �̃�, 𝐸) is soft �̃� sg closed set in (𝑋, �̃�, 𝐸) but the converse need not be true. 

 

Definition 4.6: A soft space (𝑋, �̃�, 𝐸) is called a soft �̃� semi 𝑇1
2

 space if every soft 

�̃� sg closed set of (𝑋, �̃�, 𝐸) is soft �̃�  semi closed. 

 

Theorem 4.7: Let (𝑋, �̃�, 𝐸) be a soft topological space and  �̃� be an operation 

on �̃�. Then the soft subset (𝐴, 𝐸) in a soft topological space (𝑋, �̃�, 𝐸) is soft �̃� sg 

closed if and only if �̃��̃�sscl(𝑒𝐹) ∩ (𝐴, 𝐸) ≠ ∅ holds for every 𝑒𝐹 ∈ �̃��̃�sscl(𝐴, 𝐸). 

 

Proof: Let (𝑈, 𝐸) be any soft �̃� semi open set such that (𝐴, 𝐸) ⊆̃ (𝑈, 𝐸). Let 𝑒𝐹 ∈
�̃��̃�sscl(𝐴, 𝐸). By assumption there exists a soft point 𝑒𝐺 such that 𝑒𝐺 ∈ �̃��̃�sscl(𝑒𝐹) 

and 𝑒𝐺 ∈ (𝐴, 𝐸) ⊆̃ (𝑈, 𝐸).It follows from Theorem 3.16 that (𝑈, 𝐸) ∩ (𝑒𝐹) ≠ ∅ 

and hence 𝑒𝐹 ∈ (𝑈, 𝐸). Then (𝐴, 𝐸)  soft �̃� 𝑠g closed set of (𝑋, �̃�, 𝐸).   
    Conversely, suppose that there exists a soft point 𝑒𝐹 ∈ �̃��̃�sscl(𝐴, 𝐸) such that 

�̃��̃�sscl(𝑒𝐹) ∩ (𝐴, 𝐸) = ∅, then (𝐴, 𝐸) ⊆̃ (�̃��̃�sscl(𝑒𝐹))′. Let  𝑒𝐹 ∈ (𝐹, 𝐸).  By 

Remark 3.15 and assumption, �̃��̃�sscl(𝐴, 𝐸) ⊆̃ (�̃��̃�sscl(𝑒𝐹))′ and hence 𝑒𝐹 ∉

�̃��̃�sscl(𝐴, 𝐸), which is a contradiction. 

 

Theorem 4.8: Let (𝑋, �̃�, 𝐸) be a soft topological space and  �̃� be an operation 

on �̃�. If a soft subset (𝐴, 𝐸) in a soft topological space (𝑋, �̃�, 𝐸) is soft �̃� sg closed, 

then �̃��̃�sscl(𝐴, 𝐸) − (𝐴, 𝐸) does not contain any nonempty soft �̃�  semi closed set. 



 

Soft �̃� semi open sets in soft topological spaces                                                  785 

  

 

Proof If possible, let (𝐹, 𝐸) be a nonempty soft �̃�  closed set such that 

(𝐹, 𝐸) ⊆̃ �̃��̃�sscl(𝐴, 𝐸) − (𝐴, 𝐸).  Let 𝐹𝑒
𝑥 ∈ (𝐹, 𝐸)  and so 𝐹𝑒

𝑥 ∈ �̃��̃�sscl(𝐴, 𝐸). 

Also, (𝐹, 𝐸) ∩ (𝐴, 𝐸) = �̃��̃�sscl(𝐴, 𝐸) ∩ (𝐴, 𝐸) ⊇̃ �̃��̃�sscl(𝐹𝑒
𝑥) ∩ (𝐴, 𝐸) ≠ ∅,  hence 

(𝐹, 𝐸) ∩ (𝐴, 𝐸) ≠ ∅, which is a contradiction. 

 

Theorem 4.9: In a soft topological space (𝑋, �̃�, 𝐸), with an operation �̃�  on �̃�  , 
either (𝑒𝐹) is soft �̃� semi closed or 𝑋 − (𝑒𝐹) is soft �̃� semi g closed. 

 

Proof If (𝑒𝐹) is not soft �̃� semi closed then 𝑋 − (𝑒𝐹) is not soft �̃�semi open. Then 

𝑋 is the only soft �̃� semi open set such that 𝑋 − (𝑒𝐹) ⊆̃ 𝑋. Hence 𝑋 − (𝑒𝐹) is a 

soft �̃� semi g closed set. 

 

Theorem 4.10: If a soft topological space (𝑋, �̃�, 𝐸) is soft 𝛾 ̃ 𝑠𝑒𝑚𝑖 𝑇1
2

 space if and 

only if for each soft point 𝑒𝐹 in (𝑋, 𝐸), (𝑒𝐹) is soft �̃� semi closed or soft �̃� semi 

open in (𝑋, �̃�, 𝐸). 
 

Proof: Suppose that (𝑒𝐹)  is not soft �̃�  semi closed. Then, it follows from 

assumption and Theorem 4.9 that (𝑒𝐹) soft �̃� semi open. Conversely, let (𝐹, 𝐸)  be 

soft �̃� semi g closed in (𝑋, �̃�, 𝐸). Let 𝑒𝐹  be any soft point of �̃��̃�sscl(𝐹, 𝐸). Then 

(𝑒𝐹) is soft �̃� semi open or soft �̃� semi closed. 

 

Case 1. Suppose (𝑒𝐹) is soft �̃� semi open. Then  𝑒𝐹 ∈ �̃��̃�sscl(𝐹, 𝐸) holds, we have 

(𝑒𝐹) ∩ (𝐹, 𝐸) ≠ ∅  by Theorem 3.16. 

 

Case 2. Suppose (𝑒𝐹) is soft �̃� semi closed. Assume that 𝑒𝐹 ∉ (𝐹, 𝐸), then 𝑒𝐹 ∈
  �̃��̃�sscl(𝐹, 𝐸) − (𝐹, 𝐸).  This is impossible by Theorem 4.8.Thus 𝑒𝐹 ∈ (𝐹, 𝐸). 

Therefore �̃��̃�sscl(𝐹, 𝐸) − (𝐹, 𝐸)  holds and (𝐹, 𝐸)   is soft �̃�  semi closed in 

(𝑋, �̃�, 𝐸). 
 

Remark 4.11: From the example in the Remark 3.12, the soft topological space 

(𝑋, �̃�, 𝐸)  is soft �̃� 𝑠𝑒𝑚𝑖 𝑇0  space which is not a soft  �̃� 𝑠𝑒𝑚𝑖 𝑇1
2

  and soft 

�̃� 𝑠𝑒𝑚𝑖  𝑇1 space. 

 

Remark 4.12: In example 3.2, the soft topological space (𝑋, �̃�, 𝐸)  is a soft  

�̃� 𝑠𝑒𝑚𝑖 𝑇1
2

 but not soft �̃� 𝑠𝑒𝑚𝑖 𝑇1 . 

 

Remark 4.13: The following example shows that soft �̃� 𝑠𝑒𝑚𝑖  𝑇1 space is not a 

soft �̃� 𝑠𝑒𝑚𝑖  𝑇2 space.  

Let },{},,,{ 21321 eeEhhhX  and  

)},(),,(),,(),,(),,(),,(,
~

,{ 654321 EFEFEFEFEFEFX   
 

 

 



 

786                                                         A. Kalavathi and G. Sai Sundara Krishnan 

 

 

where })}{,(}),{,{(),( 12111 heheEF   ,   })}{,(}),{,{(),( 22212 heheEF 
  

})}{,(}),{,{(),( 32313 heheEF  ,  })},{,(}),,{,{(),( 2122114 hhehheEF   

})},{,(}),,{,{(),( 3123115 hhehheEF   and  })},{,(}),,{,{(),( 2322316 hhehheEF    

 

Then define an operation �̃�: �̃� → 𝑆(𝑋) such that 

  �̃�(𝐴, 𝐸) = (𝐴, 𝐸)�̃� =

{
 

 
(𝐴, 𝐸) ∪ (𝐹2, 𝐸)      𝑖𝑓  (𝐴, 𝐸) = (𝐹1, 𝐸)

(𝐴, 𝐸) ∪ (𝐹3, 𝐸)      𝑖𝑓  (𝐴, 𝐸) = (𝐹2, 𝐸)

(𝐴, 𝐸) ∪ (𝐹1, 𝐸)             𝑖𝑓         (𝐴, 𝐸) = (𝐹3, 𝐸)

(𝐴, 𝐸)                𝑖𝑓   (𝐴, 𝐸) ≠  (𝐹1, 𝐸),   (𝐹2, 𝐸) 𝑎𝑛𝑑  (𝐹3, 𝐸)

 

 

Hence ),,( EX  is soft  �̃� 𝑠𝑒𝑚𝑖  𝑇1 but it is not soft �̃� 𝑠𝑒𝑚𝑖  𝑇2.  

 

Remark 4.14: The following example shows that soft �̃� 𝑠𝑒𝑚𝑖 𝑇1
2

  space is not a 

soft �̃� 𝑇1
2

 space.  

Let },{},,,,{ 214321 eeEhhhhX 
 

and )},(),,(),,(),,(),,(),,(,
~

,{ 654321 EFEFEFEFEFEFX    

where })}{,(}),{,{(),( 12111 heheEF   ,   })}{,(}),{,{(),( 22212 heheEF 
  

})}{,(}),{,{(),( 32313 heheEF  ,  })},{,(}),,{,{(),( 2122114 hhehheEF   

})},{,(}),,{,{(),( 3123115 hhehheEF                                   
})},{,(}),,{,{(),( 2322316 hhehheEF   })},,{,(}),,,{,{(),( 123212317 hhhehhheEF  ,          

})},,{,(}),,,{,{(),( 124212418 hhhehhheEF      we define an operation �̃�: �̃� → 𝑆(𝑋) 

by   �̃�(𝐴, 𝐸) = (𝐴, 𝐸)�̃� = {
𝑖𝑛𝑡(𝑐𝑙(𝐴, 𝐸))   𝑖𝑓  (𝐴, 𝐸) = (𝐹1, 𝐸) 

𝑐𝑙(𝐴, 𝐸)              𝑖𝑓    (𝐴, 𝐸) ≠ (𝐹1, 𝐸).
 

Hence ),,( EX  is a soft �̃� 𝑠𝑒𝑚𝑖 𝑇1
2

 but it is not soft �̃� 𝑇1
2

. 

 

Remark 4.15: From the example in the Remark 3.9, the soft topological space 

(𝑋, �̃�, 𝐸) is soft �̃� 𝑠𝑒𝑚𝑖 𝑇0 but it is not soft �̃� 𝑇0. 
 

Remark 4.16: In Example 3.2, define an operation �̃�: �̃� → 𝑆(𝑋) such that 

  �̃�(𝐴, 𝐸) = (𝐴, 𝐸)�̃� = {
(𝐴, 𝐸)                  𝑖𝑓   (𝐴, 𝐸) = (𝐹1, 𝐸) 

(𝐴, 𝐸) ∪ (𝐹3, 𝐸)         𝑖𝑓       (𝐴, 𝐸) ≠ (𝐹1, 𝐸).
 

 

Hence (𝑋, �̃�, 𝐸) is soft �̃�  𝑠𝑒𝑚𝑖 𝑇1 space and soft  �̃�  𝑠𝑒𝑚𝑖 𝑇2 spce but it is not a 

soft �̃� 𝑇1 space and soft  �̃� 𝑇2 space. 

From the Remarks 4.11 to 4.15 and Remarks 4.14 to 4.18[5], Theorem 5.2[6] and 

Remark 3[12], we have the following diagram. 
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 soft  𝑇0                         soft 𝑇1
2

                   soft  𝑇1                      soft  𝑇2 

  

 soft �̃�  𝑇0                       soft �̃� 𝑇1
2

               soft �̃� 𝑇1                   soft�̃�  𝑇2 

 

 soft �̃� semi 𝑇0           soft �̃� semi 𝑇1
2

            soft �̃� 𝑠𝑒𝑚𝑖 𝑇1         soft �̃� semi  𝑇2 

where A           B represents A imply B,  A            B represents A does not imply 

B and �̃� is a regular operation on �̃�. 
 

5. Soft (�̃�, �̃�)  Semi Continuous mappings 
 

Definition 5.1 Let (𝑋, �̃�, 𝐸) and (𝑌, �̃�, 𝐸)  be two soft topologies and �̃� and 𝛽 be 

the operations on �̃� and �̃�′ respectively. Then the mapping 𝑓: (𝑋, �̃�, 𝐸) → (𝑌, �̃�, 𝐸)  
is said to be soft (�̃�, 𝛽) semi continuous at 𝑥  if for each soft 𝛽  semi open set 

(𝑉, 𝐸) containing 𝑓(𝑥), there exists a soft �̃�  semi open set (𝑈, 𝐸) containing 𝑥 

such that 𝑓(𝑈, 𝐸) ⊆̃ (𝑉, 𝐸). If 𝑓 is soft (�̃�, 𝛽) semi continuous at each point 𝑥 of 

𝑋, then 𝑓 is called soft (�̃�, 𝛽)  semi continuous on 𝑋. 

 

Theorem 5.2 Let 𝑓: (𝑋, �̃�, 𝐸) →  (𝑌, �̃�, 𝐸) be a soft (�̃�, 𝛽)  semi continuous 

mapping. Then, 

(i) 𝑓(�̃��̃�sscl(𝐴, 𝐸)) ⊆̃ �̃��̃�sscl(𝑓(𝐴, 𝐸))  holds for every soft subset (𝐴, 𝐸)  of 

(𝑋, �̃�, 𝐸). 
(ii)  for any soft 𝛽 semi closed set (𝐵, 𝐸) of (𝑌, �̃�, 𝐸), 𝑓−1(𝐵, 𝐸) is soft �̃� semi 

closed set in (𝑋, �̃�, 𝐸). 
 

Proof  (i) Let 𝑦 ∈ 𝑓(�̃��̃�sscl(𝐴, 𝐸))   and (𝑉, 𝐸)  be any soft 𝛽 semi open set 

containing 𝑦.  Then there exists 𝑥 ∈ 𝑋  and a soft �̃�  semi open set (𝑈, 𝐸)  such 

that  𝑥 ∈ (𝑈, 𝐸)  with 𝑓(𝑥) = 𝑦  and 𝑓(𝑈, 𝐸) ⊆̃ (𝑉, 𝐸).  Since 𝑥 ∈ �̃��̃�sscl(𝐴, 𝐸), 

implies that (𝑈, 𝐸) ∩ (𝐴, 𝐸) ≠ ∅ and hence ∅ ≠ 𝑓((𝑈, 𝐸) ∩ (𝐴, 𝐸)) ⊆̃ 𝑓(𝑈, 𝐸) ∩
𝑓(𝐴, 𝐸) ⊆̃ (𝑉, 𝐸) ∩ 𝑓(𝐴, 𝐸).  This implies that 𝑥 ∈ �̃��̃�sscl𝑓(𝐴, 𝐸).  Therefore we 

have 𝑓(�̃��̃�sscl(𝐴, 𝐸)) ⊆̃ �̃��̃�sscl(𝑓(𝐴, 𝐸)). 

(ii) Let (𝐵, 𝐸) be a soft 𝛽 semi closed set in (𝑌, �̃�, 𝐸). Therefore �̃��̃�sscl(𝐵, 𝐸) =

(𝐵, 𝐸).  By using (i) we have 𝑓(�̃��̃�sscl𝑓
−1(𝐵, 𝐸)) ⊆̃ �̃��̃�sscl(𝑓(𝐵, 𝐸))  = (𝐵, 𝐸). 

Therefore, we have �̃��̃�sscl(𝑓
−1(𝐵, 𝐸)) ⊆̃ 𝑓−1(𝐵, 𝐸).  Hence 𝑓−1(𝐵, 𝐸)  is soft �̃� 

semi closed set in (𝑋, �̃�, 𝐸). 
Remark 5.3 If  (𝑋, �̃�, 𝐸) is soft �̃�  regular space and (𝑌, �̃�, 𝐸)  is soft 𝛽  regular 

space, then the concept of soft (�̃�, 𝛽) semi continuity and soft semi continuity are 

coincide. 
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Definition 5.4 Let (𝑋, �̃�, 𝐸) and (𝑌, �̃�, 𝐸)be two soft topologies and �̃� and 𝛽 be the 

operations on �̃�  and �̃�  respectively. Then the mapping 𝑓: (𝑋, �̃�, 𝐸) → (𝑌, �̃�, 𝐸)is 

said to be soft (�̃�, 𝛽) semi closed if for any soft �̃� semi closed set (𝐴, 𝐸) of 𝑋, 

𝑓(𝐴, 𝐸) is soft 𝛽 semi closed. 

 

Theorem 5.5 Suppose that 𝑓: (𝑋, �̃�, 𝐸) → (𝑌, �̃�, 𝐸)is soft (�̃�, 𝛽) semi continuous 

and soft  (�̃�, 𝛽) semi closed. 

(i)  Then for every soft �̃� sg closed set (𝐴, 𝐸) of (𝑋, �̃�, 𝐸),  the image 𝑓(𝐴, 𝐸) is 

soft 𝛽 sg closed.  

(ii) Then for every soft 𝛽  sg closed (𝐵, 𝐸)  of (𝑌, �̃�, 𝐸),  the inverse image 

𝑓−1(𝐵, 𝐸) is soft �̃� sg closed.  

 

Proof  (i) Let (𝑉, 𝐸) be a soft 𝛽 semi open set in 𝑌 such that 𝑓(𝐴, 𝐸) ⊆̃ (𝑉, 𝐸). By 

using Theorem 5.2 (ii), 𝑓−1(𝑉, 𝐸)  is soft �̃�  semi open set containing (𝐴, 𝐸). 
Therefore by assumption we have  �̃��̃�sscl(𝐴, 𝐸) ⊆̃ 𝑓

−1(𝑉, 𝐸),  so 

𝑓 (�̃��̃�sscl(𝐴, 𝐸)) ⊆̃ (𝑉, 𝐸). Since 𝑓 is soft (�̃�, 𝛽) semi closed, 𝑓 (�̃��̃�sscl(𝐴, 𝐸)) is 

soft 𝛽 ̃ semi closed set containing 𝑓(𝐴, 𝐸),  implies that 

�̃�𝛽 ̃ sscl𝑓((𝐴, 𝐸)) ⊆̃ �̃�𝛽 ̃sscl𝑓 (�̃��̃�sscl(𝐴, 𝐸)) = 𝑓 (�̃��̃�sscl(𝐴, 𝐸)) ⊆̃ (𝑉, 𝐸).  Hence 

𝑓(𝐴, 𝐸) is soft 𝛽 semi g closed.  

(ii) Let (𝑈, 𝐸) be a soft �̃� semi open set in (𝑋, �̃�, 𝐸) such that 𝑓−1(𝐵, 𝐸) ⊆̃ (𝑈, 𝐸). 

Take (𝐹, 𝐸) = �̃��̃�sscl(𝑓
−1(𝐵, 𝐸)) ∩ (�̃� − (𝑈, 𝐸)), then (𝐹, 𝐸)  is soft  �̃�  semi 

closed set in (𝑋, �̃�, 𝐸). Since 𝑓 is soft (�̃�, 𝛽)  semi closed, 𝑓(𝐹, 𝐸) is soft 𝛽 semi 

closed in (𝑌, �̃�, 𝐸) .  By using Theorem 4.8,  𝑓(𝐹, 𝐸) ⊆̃  �̃�𝛽 ̃ sscl(𝐵, 𝐸) − (𝐵, 𝐸), 

hence 𝑓(𝐹, 𝐸) = ∅.  Therefore (𝐹, 𝐸) = ∅.  This follows that 

�̃��̃�sscl(𝑓
−1(𝐵, 𝐸)) ⊆̃  (𝑈, 𝐸).  Therefore 𝑓−1(𝐵, 𝐸)  is soft �̃�  semi g closed in 

(𝑋, �̃�, 𝐸). 
 

Theorem 5.6: Suppose that 𝑓: (𝑋, �̃�, 𝐸) → (𝑌, �̃�, 𝐸) is soft (�̃�, 𝛽) semi continuous 

and soft (�̃�, 𝛽)  semi closed. 

(i) If 𝑓 is injective and (𝑌, �̃�, 𝐸)is soft 𝛽𝑠𝑒𝑚𝑖 𝑇1
2

 , then  (𝑋, �̃�, 𝐸) is soft �̃�𝑠𝑒𝑚𝑖  𝑇1
2

 

space.  

(ii) If 𝑓  is surjective and (𝑋, �̃�, 𝐸)  is soft �̃� 𝑠𝑒𝑚𝑖 𝑇1
2

 ,  then (𝑌, �̃�, 𝐸) is soft 

𝛽 𝑠𝑒𝑚𝑖 𝑇1
2

 space. 

Proof: (i) Let (𝐴, 𝐸) be a soft �̃� semi g closed in (𝑋, �̃�, 𝐸). By theorem 5.5 (i)  

𝑓(𝐴, 𝐸)   is soft 𝛽  semi g closed and hence by theorem 5.6 (ii) (𝐴, 𝐸) =
𝑓−1(𝑓(𝐴, 𝐸)) is soft �̃� semi  g closed. Therefore by assumption (𝐴, 𝐸) is a soft �̃� 

semi closed. 

(ii)  Let (𝐵, 𝐸)  be a soft 𝛽  semi g closed in (𝑌, �̃�, 𝐸).  By theorem 5.5(ii), 

𝑓−1(𝐵, 𝐸) is soft �̃� semi g closed. Since (𝑋, �̃�, 𝐸) is soft �̃� 𝑠𝑒𝑚𝑖 𝑇1
2

. It follows from 
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the assumption that 𝑓(𝑓−1(𝐵, 𝐸)) is soft 𝛽 semi closed. Therefore (𝑌, �̃�, 𝐸) is soft 

𝛽 𝑠𝑒𝑚𝑖 𝑇1
2

.  

 

Theorem 5.7: Let  𝑓: (𝑋, �̃�, 𝐸) →  (𝑌, �̃�, 𝐸)  be a soft (�̃�, 𝛽)  semi continuous 

injective. If (𝑌, �̃�, 𝐸) soft 𝛽𝑠𝑒𝑚𝑖  𝑇1 (resp. soft  �̃� 𝑠𝑒𝑚𝑖 𝑇2), then  (𝑋, �̃�, 𝐸) is soft 

�̃� 𝑠𝑒𝑚𝑖 𝑇1 (resp.soft �̃� 𝑠𝑒𝑚𝑖 𝑇2) space. 

Proof: Suppose that (𝑌, �̃�, 𝐸) soft 𝛽 𝑠𝑒𝑚𝑖 𝑇2. Let 𝑥  and 𝑦 be distinct points of 𝑋. 

Then, there exists two soft 𝛽  semi open sets (𝑉, 𝐸) and (𝑊, 𝐸) of 𝑌  such that 

𝑓(𝑥) ∈ (𝑉, 𝐸), 𝑓(𝑦) ∈ (𝑊, 𝐸)  and (𝑉, 𝐸) ∩ (𝑊, 𝐸) = ∅ . Since 𝑓  is soft (�̃�, 𝛽) 

semi continuous, for (𝑉, 𝐸) and (𝑊, 𝐸) of 𝑌 there exists two soft �̃� semi open sets 

(𝑈, 𝐸)  and (𝑆, 𝐸)  such that 𝑥 ∈ (𝑈, 𝐸), 𝑦 ∈ (𝑆, 𝐸), 𝑓((𝑈, 𝐸)) ⊂ (𝑉, 𝐸) and 

𝑓((𝑆, 𝐸)) ⊂ (𝑊, 𝐸).  Therefore  (𝑈, 𝐸) ∩ (𝑆, 𝐸) = ∅  and hence (𝑋, �̃�, 𝐸)  is soft  

�̃� 𝑠𝑒𝑚𝑖 𝑇2. 
 

6. Soft �̃� generalized semi closed sets 
 

Definition 6.1: A soft subset (𝐴, 𝐸) of a soft topological space (𝑋, �̃�, 𝐸) with a 

soft operation �̃�  on �̃� is called a soft �̃�  generalized semi closed (soft �̃� gs closed) 

set if �̃��̃�sscl(𝐴, 𝐸) ⊆̃ (𝑈, 𝐸) whenever (𝐴, 𝐸) ⊆̃ (𝑈, 𝐸) and (𝑈, 𝐸) is soft �̃�  open 

set in (𝑋, �̃�, 𝐸). A soft subset (𝐴, 𝐸) of (𝑋, �̃�, 𝐸) is said to be soft �̃�  generalized 

semi open if 𝑋 − (𝐴, 𝐸) is soft �̃� gs closed. 

 

Theorem 6.2: Let (𝑋, �̃�, 𝐸) be a soft topological space and �̃� be an operation on �̃�. 
Then a soft subset (𝐴, 𝐸)  of (𝑋, �̃�, 𝐸)  is soft �̃� gs open if and only if 

(𝐹, 𝐸) ⊆̃ �̃��̃� ssint(𝐴, 𝐸)  whenever (𝐹, 𝐸) ⊆̃ (𝐴, 𝐸)  and (𝐹, 𝐸)  is soft �̃�  closed in 

(𝑋, �̃�, 𝐸). 
 

Remark 6.3: From Remark 3.9, 4.5 and Definition 6.1 we have the following 

diagram 

Soft �̃� closed sets        Soft �̃� semi closed sets         Soft �̃� sg closed sets        Soft �̃� 

gs closed sets where A         B (resp.A         B ) represents A implies B (resp. A 

does not imply). 

 

Remark 6.4: The union of two disjoint soft �̃� gs open sets in (𝑋, �̃�, 𝐸) need not be 

soft �̃� gs open set. 

In example 3.2, Define an operation �̃�, such that    

�̃�: �̃� → 𝑆(𝑋) by  𝛾(𝐴, 𝐸) = (𝐴, 𝐸)𝛾 = {
(𝐴, 𝐸)                          𝑖𝑓  (𝐴, 𝐸) = (𝐹1, 𝐸) 
(𝐴, 𝐸) ∪ (𝐹2, 𝐸)         𝑖𝑓   (𝐴, 𝐸) ≠ (𝐹1, 𝐸).

 

then (𝐹, 𝐸) = {(𝑒1, {ℎ2}), (𝑒2, {ℎ1})}     and  (𝐺, 𝐸) = {(𝑒1, {ℎ3}), (𝑒2, {ℎ2})} are 

soft �̃� gs open sets in (𝑋, �̃�, 𝐸) but (𝐹, 𝐸) ∪ (𝐺, 𝐸) = {(𝑒1, {ℎ2, ℎ3}), (𝑒2, {ℎ1, ℎ2})} 
is not a soft �̃� gs open set. 
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Theorem 6.5: Let (𝑋, �̃�, 𝐸)be a soft topological space and �̃� be an operation on �̃�. 
If (𝐴, 𝐸) is soft �̃� open and soft �̃� gs closed set in (𝑋, �̃�, 𝐸), then  (𝐴, 𝐸) is soft �̃� 

semi closed. 

 

Proof: Since (𝐴, 𝐸) is soft �̃� open and soft �̃� gs closed, �̃��̃�sscl(𝐴, 𝐸) ⊆̃ (𝐴, 𝐸) and 

hence �̃��̃�sscl(𝐴, 𝐸) = (𝐴, 𝐸). Therefore (𝐴, 𝐸) is soft �̃� semi closed. 

 

Theorem 6.6: Let (𝑋, �̃�, 𝐸) be a soft topological space and  �̃� be an operation 

on �̃�. If a soft subset (𝐴, 𝐸) in a soft topological space (𝑋, �̃�, 𝐸) is soft �̃� gs closed, 

then �̃��̃�sscl(𝐴, 𝐸) − (𝐴, 𝐸) does not contain any nonempty soft �̃�  closed set. 

 

Proof If possible, let (𝐹, 𝐸) be a nonempty soft �̃�  closed set such that 

(𝐹, 𝐸) ⊆̃ �̃��̃�sscl(𝐴, 𝐸) − (𝐴, 𝐸).  This implies that (𝐴, 𝐸) ⊆̃ 𝑋 − (𝐹, 𝐸).  Since 

(𝐴, 𝐸)is soft �̃� gs closed 𝑋 − (𝐹, 𝐸)  is soft �̃� open, implies �̃��̃�sscl(𝐴, 𝐸) ⊆̃ 𝑋 −

(𝐹, 𝐸).  Therefore we have (𝐹, 𝐸) ⊆̃ (𝑋 − �̃��̃�sscl(𝐴, 𝐸)) ∩ (𝐴, 𝐸)) = ∅.  Hence 

(𝐹, 𝐸) = ∅. 
 

Theorem 6.7: In a soft topological space (𝑋, �̃�, 𝐸), with an operation �̃�  on �̃�  , 
either (𝑒𝐹) is soft �̃� closed or 𝑋 − (𝑒𝐹) is soft �̃� g semi closed. 

 

Proof If (𝑒𝐹) is not soft �̃� closed, then 𝑋 − (𝑒𝐹) is not soft �̃� open. Then 𝑋 is the 

only soft �̃� open set such that 𝑋 − (𝑒𝐹) ⊆̃ 𝑋. Hence 𝑋 − (𝑒𝐹) is a soft �̃� g semi 

closed set. 

 

Theorem 6.8: Let (𝑋, �̃�, 𝐸) be a soft topological space and  �̃� be an operation 

on �̃�. Then the following are equivalent: 

(i) Every soft �̃� g s closed set of (𝑋, �̃�, 𝐸) is soft �̃� semi closed. 

(ii) Either (𝑒𝐹) is soft �̃� closed or soft �̃� semi open in (𝑋, �̃�, 𝐸) for each (𝑒𝐹) in 

(𝑋, �̃�, 𝐸). 
(iii) Either (𝑒𝐹)  is soft �̃�  closed or soft �̃�  open in (𝑋, �̃�, 𝐸)  for each (𝑒𝐹)  in 

(𝑋, �̃�, 𝐸). 
(iv) (𝑋, �̃�, 𝐸) is soft 𝛾 ̃𝑇1

2

 space. 

 

Proof: (i)     (ii) Suppose that,  (𝑒𝐹) is not soft �̃� closed. By theorem 6.6,  𝑋 −
(𝑒𝐹) is a soft �̃� g semi closed set. Therefore by assumption 𝑋 − (𝑒𝐹) is soft �̃� semi 

closed in (𝑋, �̃�, 𝐸). Hence (𝑒𝐹) soft �̃� semi open. 

(ii)       (iii) It is shown that (𝑒𝐹) is  soft �̃� semi open set if and only if   (𝑒𝐹) is  

soft �̃� open. 

(iii)          (iv) The proof follows from (iii) and Theorem 4.10. 

(iv)         (i)  Let (𝐴, 𝐸) be soft �̃� g semi closed. Now to prove that (𝐴, 𝐸) is soft �̃� 

semi closed Lset in (𝑋, �̃�, 𝐸), that is to prove that �̃��̃�sscl(𝐴, 𝐸) = (𝐴, 𝐸). Let 𝑒𝐹 be 

any soft point of �̃��̃�sscl(𝐴, 𝐸). Then (𝑒𝐹) is soft �̃� open or soft �̃� closed. 
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Case 1. Suppose (𝑒𝐹)  is soft �̃�  open. That is (𝑒𝐹) is soft �̃�  semi open. By 

Theorem3.17,  we have (𝑒𝐹) ∩ (𝐴, 𝐸) ≠ ∅ . Hence 𝑒𝐹 ∈ (𝐴, 𝐸). 
Case 2. Suppose (𝑒𝐹)  is soft �̃�  closed. It follows from theorem 6.6 that  

�̃��̃�sscl(𝐴, 𝐸) − (𝐴, 𝐸)  does not contain (𝑒𝐹).  This implies 𝑒𝐹 ∈ (𝐴, 𝐸).  Hence 

�̃��̃�sscl(𝐴, 𝐸) ⊆̃ (𝐴, 𝐸). Hence (𝐴, 𝐸)  is soft �̃� semi closed in (𝑋, �̃�, 𝐸). 

 

Definition 6.9: A soft topological space (𝑋, �̃�, 𝐸) is said to be soft 𝛾 ̃𝑇𝑏  space 

(respectively soft 𝛾 ̃𝑇𝑑  space) if every soft �̃�  gs closed set is soft �̃�  closed 

(respectively soft �̃� g closed). 

 

Theorem 6.10: (i) If (𝑋, �̃�, 𝐸) is soft 𝛾 ̃𝑇𝑏 space, then (𝑒𝐹) is soft �̃� semi closed or 

soft �̃� open. 

(ii) If (𝑋, �̃�, 𝐸) is soft 𝛾 ̃𝑇𝑑 space, then (𝑒𝐹) is soft �̃� closed or soft �̃� g open. 

 

Proof: (i) Suppose that,  (𝑒𝐹) is not soft �̃� semi closed, then by Theorem 4.9 and 

Remark 6.3, 𝑋 − (𝑒𝐹) is soft �̃� gs closed. Therefore, by assumption 𝑋 − (𝑒𝐹) is 

soft �̃� closed. Hence (𝑒𝐹) is soft �̃� open. 

(ii) Suppose that,  (𝑒𝐹) is not soft �̃� closed, then by Theorem 4.9 and assumption, 

it follows that  𝑋 − (𝑒𝐹) is soft �̃� g closed. Hence (𝑒𝐹) is soft �̃� g open. 

 

Remark 6.11: Let (𝑋, �̃�, 𝐸) be a soft topological space and �̃� be an operation on �̃�. 
Then every soft 𝛾 ̃𝑇𝑏 space is soft 𝛾 ̃𝑇𝑑 and soft 𝛾 ̃𝑇1

2

 space but the converse need 

not be true. 

 

Proof:   Proof follows from Definition 6.9 and Theorem 6.8. 

From the Example in the Remark 6.4, we have (𝑋, �̃�, 𝐸) is a soft 𝛾 ̃𝑠𝑒𝑚𝑖  𝑇1
2

 space 

but not a soft 𝛾 ̃𝑇𝑑  space. 

Remark 6.12: From the above theorem, we have the following diagram 

implications. 

 

                                                     soft 𝛾 ̃𝑇1
2

 

                                                                                   soft 𝛾 ̃𝑇𝑏              soft 𝛾 ̃𝑇𝑑  

                                                 soft 𝛾 ̃𝑠𝑒𝑚𝑖  𝑇1
2

               

 

where A           B represents A imply B,  A            B represents A does not imply 

B and �̃� is a regular operation on �̃�. 
 

Definition 6.13: A topological space (𝑋, �̃�, 𝐸) is called a soft 𝛾 ̃𝑇𝑔𝑠 space if for 

every soft 𝛾 ̃ gs is closed set soft 𝛾 ̃ sg is closed. 
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Remark 6.14: Let (𝑋, �̃�, 𝐸)  be a soft topological space and  �̃�  be a regular 

operation on �̃�.Then Remark 6.3, Theorem 6.8 and definition 6.13 every soft 𝛾 ̃𝑇1
2

 

is soft 𝛾 ̃𝑇𝑔𝑠 . 

 

Theorem 6.15: Suppose that 𝑓: (𝑋, �̃�, 𝐸) → (𝑌, �̃�′, 𝐸) is soft (�̃�, 𝛽) continuous and 

soft  (�̃�, 𝛽) semi closed then for every soft �̃� gs closed set (𝐴, 𝐸) of (𝑋, �̃�, 𝐸),  the 

image 𝑓(𝐴, 𝐸) is soft 𝛽 gs closed.  

Proof: Let (𝑉, 𝐸) be a soft 𝛽 open set in 𝑌 such that 𝑓(𝐴, 𝐸) ⊆̃ (𝑉, 𝐸). Then 

(𝐴, 𝐸) ⊆̃ 𝑓−1(𝑉, 𝐸). Since 𝑓 is soft (�̃�, 𝛽) continuous and (𝐴, 𝐸) is soft �̃� gs 

closed set, implies  �̃��̃�sscl(𝐴, 𝐸) ⊆̃ 𝑓
−1(𝑉, 𝐸), so 𝑓 (�̃��̃�sscl(𝐴, 𝐸)) ⊆̃ (𝑉, 𝐸). 

Therefore it follows from the assumption that 

�̃�𝛽 ̃ sscl𝑓((𝐴, 𝐸)) ⊆̃ 𝑓 (�̃��̃�sscl(𝐴, 𝐸)) ⊆̃ (𝑉, 𝐸). Hence 𝑓(𝐴, 𝐸) is soft 𝛽 gs closed.  

 

Theorem 6.16: Suppose that 𝑓: (𝑋, �̃�, 𝐸) →  (𝑌, �̃�′, 𝐸)  is soft (�̃�, 𝛽)  semi 

continuous and soft  (�̃�, 𝛽) semi closed then for every soft 𝛽 sg closed (𝐵, 𝐸) of 

(𝑌, �̃�′, 𝐸) ,  the inverse image 𝑓−1(𝐵, 𝐸) is soft �̃� gs closed.  

Proof: Let (𝑈, 𝐸) be a soft �̃�  open set in 𝑋  such that 𝑓−1(𝐵, 𝐸) ⊆̃ (𝑈, 𝐸).This 

implies that   (𝐵, 𝐸) ⊆̃ 𝑓(𝑈, 𝐸). Since every soft 𝛽 open set is soft 𝛽 semi open 

and  𝑓  is soft (�̃�, 𝛽)  semi closed, implies 𝑓(𝑈, 𝐸)  is soft 𝛽  semi open set 

containing (𝐵, 𝐸).    Since (𝐵, 𝐸)  is soft 𝛽  sg closed, hence 

�̃�𝛽 ̃ sscl(𝐵, 𝐸) ⊆̃  𝑓(𝑈, 𝐸)  and so 𝑓−1( �̃�𝛽 ̃sscl(𝐵, 𝐸)) ⊆̃  (𝑈, 𝐸) . Since 

𝑓−1( �̃�𝛽 ̃sscl(𝐵, 𝐸)) is soft �̃�  semi closed set containing 𝑓−1(𝐵, 𝐸),  implies that 

�̃��̃�sscl(𝑓
−1(𝐵, 𝐸)) ⊆̃ 𝑓−1( �̃�𝛽 ̃sscl(𝐵, 𝐸)) ⊆̃ (𝑈, 𝐸).Hence 𝑓−1(𝐵, 𝐸)  is soft �̃�  gs 

closed in (𝑋, �̃�, 𝐸). 

Theorem 6.17: Suppose that 𝑓: (𝑋, �̃�, 𝐸) →  (𝑌, �̃�′, 𝐸)  is soft (�̃�, 𝛽)  semi 

continuous and soft  (�̃�, 𝛽) semi closed then for every soft 𝛽 gs closed (𝐵, 𝐸) of 

(𝑌, �̃�′, 𝐸) ,  the inverse image 𝑓−1(𝐵, 𝐸) is soft �̃� gs closed.  

Proof: Let (𝐵, 𝐸) be a soft 𝛽 gs closed in (𝑌, �̃�′, 𝐸). Let  (𝑈, 𝐸) be a soft�̃� open set 

in 𝑋 such that 𝑓−1(𝐵, 𝐸) ⊆̃ (𝑈, 𝐸). Since 𝑓 is soft (�̃�, 𝛽) semi 

continuous,𝑓(�̃��̃�sscl(𝑓
−1(𝐵, 𝐸)) ∩ (�̃� − (𝑈, 𝐸))) ⊆̃ 𝑓(�̃��̃�sscl(𝑓

−1(𝐵, 𝐸)) ∩

𝑓 (�̃� − (𝑈, 𝐸))  ⊆̃ �̃�𝛽 ̃ sscl(𝐵, 𝐸) ∩ 𝑋 − (𝐴, 𝐸) ⊆̃  �̃�𝛽 ̃sscl(𝐵, 𝐸) − (𝐵, 𝐸). Since 𝑓 

is soft (�̃�, 𝛽)  semi closed, and �̃��̃�sscl(𝑓
−1(𝐵, 𝐸)) ∩ (�̃� − (𝑈, 𝐸))is soft �̃� semi 

closed set, implies  �̃�𝛽 ̃ sscl(𝐵, 𝐸) − (𝐵, 𝐸)contains a soft 𝛽 semi closed 

𝑓 (�̃��̃�sscl(𝑓
−1(𝐵, 𝐸)) ∩ (�̃� − (𝑈, 𝐸))).Hence by Theorem 6.5 

𝑓 (�̃��̃�sscl(𝑓
−1(𝐵, 𝐸)) ∩ (�̃� − (𝑈, 𝐸))) = ∅. This implies  

that�̃��̃�sscl(𝑓
−1(𝐵, 𝐸)) ∩ (�̃� − (𝑈, 𝐸)) = ∅, hence �̃��̃�sscl(𝑓

−1(𝐵, 𝐸)) ⊆̃  (𝑈, 𝐸). 

Therefore 𝑓−1(𝐵, 𝐸) is soft �̃� gs closed in (𝑋, �̃�, 𝐸). 
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