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I. INTRODUCTION 

The concept of soft set theory as a new mathemat ical tool was 

initiated by Molodtsov [2] and presented the fundamental results 

of the soft sets. Muhammad Shabir and Munazza Naz [4] 

introduced soft topological spaces and the notions of soft open 

sets, soft closed sets, soft closure, soft interior points, soft 

neighborhood of a point and soft separation axioms. Lev ine [8] 

introduced generalized closed and open sets in topological 

spaces. Kharal et al. [5] introduced soft function over classes of 

soft sets. Mahanta et al [7] made a study of soft topology via soft 

semi open sets. Recently in 2013, Bin Chen [1, 3] introduced and 

explored the properties of soft semi open sets and soft semi 

closed sets in soft topological spaces. Soft regular open and soft 

regular closed sets are introduced by Saziye Yuksel [6]. Many 

researchers [9,10,11,12,13,14,15] extended the results of 

generalization of various soft closed sets in many directions.  

In this present study, we discuss soft-gsr- closed sets in soft 

topological spaces and obtain its relationship with other soft 

closed sets. Further, we obtain the basic results and properties. 

 

II. PRELIMINARIES: 

 

Definition:2.1([1],[2],[4],[12])     

Let U be the initial universe and P(U) denote the power set of U. 

Let E denote the set of all parameters. Let A be a non-empty 

subset of E. A pair (F, A) is called a soft set over U, where F is a 

mapping given by F : A→  P(U). In other words, a soft set over U 

is a parameterized family  of subsets of the universe U. For ℇ  
 A, F(ℇ) may be considered as the set ℇ- approximate elements 

of the soft set (F,A).Clearly, a soft set is not a set.                                                                                               

For two soft sets (F,A) and (G,B) over the common universe U, 

we say that (F,A) is a soft subset of (G,B) if (i) A B and (ii) for 

all e   A, F(e) and G(e) are identical approximat ions. We write 

(F,A)    (G,B). (F,A) is said to be a soft superset of (G,B) , if 

(G,B) is a soft subset of (F,A). Two soft sets (F,A) and (G,B) 

over a common universe U are said to be soft equal if (F,A) is a 

soft subset of (G,B) and (G,B) is a soft subset of (F,A).  

 

 Defini tion: 2. 2 ([1],[2],[4],[12]) 

The union of two soft sets of (F,A) and (G,B) over the common 

universe U is soft set (H,C), where C = A   B and fo all e   C, 

H(e) = F(e) if e    A-B, H(e) = G(e) if e   B-A and H(e) = 

F(e)   G(e) if e    A   B. We write (F,A)   (G,B) = (H,C). 

 

Definition: 2. 3 ([1],[2],[4],[12]) 

The Intersection (H,C) of two soft sets (F,A) and (G,B) over a 

common un iverse U denoted  (F,A)   (G,B) is defined as C = A 

  B and H(e) = F(e)   G(e) for all e   C. 

 

 Defini tion: 2.4([1],[2],[4],[12]) 

For a soft set (F, A) over the universe U, the relative 

complement of (F, A) is denoted by           and is defined by 

        = (     A), where   : A →  P(U) is a mapping defined by                         

    (e) = U - F(e) for all e   A. 

 

 Defini tion: 2. 5([1],[13]) 

 

Let   be the collection of soft sets over X, then   is called a soft 

topology on X if   satisfies the following axioms: 

      1)  ,     belong to  . 

2) The union of any number of soft sets in   belongs to  . 

3) The intersection of any two soft sets in   belongs to  . 

The triplet (X,  , E) is called a soft topological space over X. For 

simplicity, we can take the soft topological space (X,   , E) as X 

throughout the work. 

 

Definition: 2. 6([1],[13]) 

Let (X,  , E) be soft space over X. A soft set (F, E) over X is 

said to be soft closed in X, if its relative complement 

         belongs to  . The relative complement is a mapping  

    E→P(X) defined by    (e) = X - F(e) for all e   A. 

 

Definition: 2. 7([1],[13]  

Let X be an init ial universe set, E be the set of parameters and    

= { ,     }. Then   is called the soft indiscrete topology on X and 

(X,  , E) is said to be a soft indiscrete space over X. If   is the 

collection of all soft sets which can be defined over X, then   is 

called the soft discrete topology on X and (X,   , E) is said to be a 

soft discrete space over X. 

 

Definition: 2. 8 ([1],[13]) 

Let (X,  , E) be a soft topological space over X and the soft 

interior of (F,E) denoted by Int(F,E) is the union of all soft open 
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subsets of (F,E). Clearly, (F,E) is the largest soft open set over X 

which is contained in (F,E).The soft  closure of (F,E) denoted by 

Cl(F,E) is the intersection of all closed sets containing (F,E). 

Clearly , (F,E) is smallest soft closed set containing (F,E).  

Int (F,E) =  { (O,E): (O,E) is soft open and (O,E)      (F,E)}. 

Cl(F,E) =  { (O,E): (O,E) is soft closed and (F,E)      (O,E)}. 

 

Definition: 2. 9([1],[13],[14]) 

Let U be the common universe set and E be the set of all 

parameters. Let (F,A) and (G,B) be soft sets over a common 

universe set U and A,B   E. Then (F,A) is a subset of (G, B), 

denoted by (F, A)     (G, B). (F, A) equals (G,B) , denoted by (F, 

A) = (G,B) if (F,A)     (G,B) and (G,B)    (F, A). 

 

Definition: 2. 10([1],[10],[15]) 

A soft subset (A, E) of X is called 

(i) a soft generalized closed (Soft g-closed) in a soft topological 

space (X,  , E) if Cl(A,E)    (U,E) whenever (A,E)    (U,E) and 

(U,E) is soft open in X. 

(ii) a soft semi open if (A,E)    Int(Cl(A,E)) 

(iii) a  soft regular open if (A,E)= Int(Cl(A,E)).  

(iv) a soft α-open if (A,E)    Int(Cl(Int(A,E))) 

(v) a soft b-open if (A,E)    Cl(Int(A,E))   Int(Cl(A,E)) 

(vi) a soft pre-open set if (A,E)   Int (Cl(A,E)). 

(vii) a  soft clopen is (A,E) is both soft open and soft closed. 

The complement of the soft semi open , soft regular open , soft 

α-open, soft b-open , soft pre-open sets are their respective soft 

semi closed , soft regular closed , soft α-closed , soft b-closed 

and soft pre -closed sets. 

-open 

set and its complement is soft -closed set. The soft regular 

open set of X is denoted by SRO(X) or SRO(X,   , E). 

 

Definition: 2. 11([1],[3]) 

The soft semi closure of (A, E) is the intersection of all soft semi 

closed sets containing (A,E). (i.e)The smallest soft semi closed 

set containing (A,E) and is denoted by sscl(A,E).  

The soft semi interior of (A,E ) is the union of all soft semi open 

set contained in (A,E) and is denoted by ssint(A,E).  

Similarly , we define soft regular-closure, soft α-closure, soft 

pre-closure, soft semi closure and soft b-closure of the soft set 

(A,E) of a topological space X and are denoted by srcl(A, E), 

sαcl(A,E), spcl(A,E), sscl(A,E) and sbcl(A, E) respectively.  

 

Definition: 2. 12([15],[16]) 

A subset (A, E) of a soft topological space X is called  

(i) a soft rg-closed set if Cl(A,E)    (U,E) whenever (A,E) 

  (U,E) and (U,E) is soft regular open. 

(ii) a soft αg-closed set if αCl(A,E)   (U,E) whenever (A,E) 

  (U,E) and (U,E) is soft open. 

(iii) a soft  gr-closed if srcl(A,E)   (U,E) whenever (A,E) 

  (U,E) and (U,E) is soft  - open. 

 

 

III. SOFT-GSR-CLOS ED S ETS                                  

 

Definition: 3. 1 A soft subset (A,E) of a soft topological space X 

is called soft-gsr-closed set in X if sscl(A,E)    (U,E) whenever 

(A,E)    (U,E) and (U,E) is soft regular open in X. 

Theorem: 3. 2 Every soft closed set is soft-gsr-closed. 

Remark: 3. 3 The converse of the above need not be true as 

seen by the following example.  

Example: 3. 4 

Let X = {a, b, c , d},  E = {  ,   } 

       ={       ,        }                      = 

{       ,        }       

       ={         ,          }                 = {      
   ,          }        

       ={           ,            }             =  

{           ,            }       

  = {  ,   ,    , E) ,    , E)……………...     , E)} defines a soft 

topology on X. 

Where (A, E) = {{        is soft-gsr-closed set, but not soft-

closed. 

 

Theorem: 3. 5  Every   soft g-closed set is soft-gsr-closed. 

Remark: 3. 6 The converse of the above need not be true. 

Example: 3. 7 

Let X = {a,b,c,d}, E = {  ,   } 

       = {       ,        }                           = 

{       ,        }       

       = {         ,          }                    = 

{         ,          }        

       = {           ,            }             =  

{           ,            }       

 {  ,   ,    , E) ,    , E)……………...     , E)} defines a soft 

topology on X. 

Where (A, E) = {{           is soft-gsr-closed, but not soft g-

closed. 

 

Theorem: 3. 8 Every soft   - closed set is soft-gsr-closed but 

not conversely. 

Example: 3. 9 

Let X = {a, b, c , d}, E = {  ,   } 

       = {       ,        }                      = 

{       ,        }       

       = {         ,          }                 = 

{         ,          }        

       = {           ,            }             =  

{           ,            }       

  = {  ,   ,    , E) ,    , E)……………...     , E)} defines a soft 

topology on X. 

Where (A, E) = {{         is soft-gsr-closed but not soft   - 

closed. 

 

Theorem: 3. 10. Every soft semi-closed set is soft-gsr -closed 

but not conversely. 

 

Example: 3. 11 

Let X = {a, b, c , d}, E = {  ,   } 

       = {       ,        }                           = 

{       ,        }       

       = {         ,          }                    = 

{         ,          }        

       = {           ,            }             =  

{           ,            }       

  = {  ,   ,    , E) ,    , E)……………...     , E)} defines a soft 

topology on X. 
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Where (A, E) = {{             is soft-gsr-closed, but not soft 

semi-closed. 

 

Theorem: 3. 12. Every soft- g - closed set is soft-gsr -closed. 

 

Remark: 3. 13 Converse of the above need not be true as seen 

by the following example. 

 

Example: 3. 14 

Let X = {a, b, c , d}, E = {  ,   } 

       = {       ,        }                      = 

{       ,        }       

       = {         ,          }                 = 

{         ,          }        

       = {           ,            }             =  

{           ,            }        

  = {  ,   ,    , E) ,    , E)……………...    , E)} defines a soft 

topology on X. 

Where (A, E) = {{           is soft-gsr-closed but not soft  g - 

closed. 

 

Theorem: 3. 15.  Every soft  g - closed set is soft- gsr - closed. 

 

Remark: 3. 16 Converse of the above need not be true as seen 

by the following example. 

 

Example: 3. 17 

Let X = {a,b,c,d}, E = {  ,   } 

       = {       ,        }                      = 

{       ,        }       

       = {         ,          }                 = 

{         ,          }        

       = {           ,            }             =  

{           ,            }       

  = {  ,   ,    , E) ,    , E)……………...    , E)} defines a soft 

topology on X. 

Where (A, E) = {{         is soft-gsr-closed but not soft  g - 

closed. 

 

Theorem: 3. 18  Every soft    - closed set is soft-gsr- closed. 

 

Remark: 3. 19 Converse of the above need not be true as seen 

by the following example. 

 

Example: 3. 20 

Let X = {a,b,c,d}, E = {  ,   } 

       = {       ,        }                      = 

{       ,        }       

       = {         ,          }                 = 

{         ,          }        

       = {           ,            }             =  

{           ,            }       

  = {  ,   ,    , E) ,    , E)……………...    , E)} defines a soft 

topology on X. 

Where (A, E) = {{           is soft-gsr-closed but not soft  gr- 

closed. 

 

Remark: 3. 21 

From the above result the following implication is made: 

 

  
Figure.1. 1.  soft-g-closed 2.   Soft-semi-closed   

3.  soft    – closed  4.soft-closed 

5. soft-            6.soft-rg- closed 

7. soft-gsr- closed 8. Soft-  gr- closed 

 

Theorem: 3. 22 If (A,E) is soft regular open and soft-gsr -closed 

then (A,E) is soft semi- closed.  

                                                                                                                                           

Proof: Suppose (A,E) is soft regular open and soft-gsr -closed. 

Then, by definit ion sscl(A,E)    (A,E). But always (A,E) 

   scl(A,E). Thus (A,E) = sscl(A,E)   (A,E) is soft semi – 

closed. 

 

Theorem: 3. 23  If (A,E) is soft-gsr-closed in X and (A,E) 

   (B,E)    sscl(A,E). Then (B,E) is also soft-gsr- closed. 

 

Proof: Suppose (A,E) is soft-gsr – closed in X and (A,E)    (B,E) 

   sscl(A,E). Let  (B,E)    (U,E) and (U,E)  is soft regular open in 

X. Since (A,E)    (B,E) and (B,E)    (U,E), we have (A,E)    

(U,E). Hence sscl(A,E)   (U,E) (since (A,E) is soft-gsr- closed).  

Since (B,E)     sscl(A,E),  we have sscl(B,E)    sscl(A,E)    

(U,E). Therefore, (B, E) is soft-gsr – closed. 

 

Theorem: 3. 24 If (A,E) and (B,E) are soft-gsr – closed sets then 

(A,E)   (B,E) is also soft gsr-closed.   

                                                                                                                                           

Proof: Straight forward.  

Theorem: 3. 25 Let (A,E) be soft-gsr-closed set in X. Then 

sscl(A,E) - (A,E) contain only null soft regular closed set.                                                                                                                   

Proof: Suppose that (A,E) be soft-gsr-closed in X. Let (H,E) be 

soft reguar closed of sscl(A,E)    (A,E). Then (H,E)     sscl(A,E) 

      A,E) and so  A,E)         H,E). Since (A,E) is soft-

gsr-closed and X - (H,E) is soft regular open.                                                                              

 sscl(A,E)    X - (H,E). consequently (H,E)    X - sscl(A,E). we 

already have (H,E)    sscl(A,E).    Hence we obtain (H,E)    

scl(A,E)   (X - sscl(A,E)) =  . This implies (H,E) =  .                    

Therefore, sscl(A,E) - (A,E) contains only null soft regular closed 

set. 

Remark: 3. 26  Reverse implication of the above theorem does 

not hold as shown in the following example.  

 

Example:3.27                                                                                                                                       

Let X = {a, b, c, d} , E = {  ,   }.                                                                                                 

Let us take the soft topology    on X and the soft set (A,E) 

={{b},{c}}. sscl(A,E) - (A,E) contains only null soft regular 

closed set. But (A,E) is not a soft-gsr-closed set in (X,   ). 
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Theorem: 3. 28 Let  (X, E,   ) be a soft topological space over X 

and (A,E) be soft-gsr – closed in X. (A,E) is soft semi-closed if 

and only if sscl(A,E) - (A,E) is soft regular closed.      

 

Proof: Let (A,E) be soft-gsr - closed. If (A,E) is soft semi- closed 

then sscl(A,E) = (A,E).    sscl(A,E) - (A,E) =   which is soft 

regular closed. Conversely, Suppose that sscl(A,E) - (A,E) is soft 

regular closed. Since (A,E) be soft-gsr-closed, then sscl(A,E) - 

(A,E) =  . That is sscl(A,E) = (A,E). Hence (A,E) is soft semi- 

closed. 

 

Theorem: 3. 29 If A    Y   X and suppose that (A,E) is soft-gsr 

-closed set in (X,E).Then (A,E) is soft-gsr-closed set relative to 

Y.      

 

Proof: Given that A   Y   X and (A,E) is soft-gsr-closed set. 

To Prove (A,E) is soft-gsr-closed set relative to Y. Let us assume 

that (A,E)    (Y,E)   (U,E) where (U,E) is soft regular open in X. 

Since (A,E) is soft-gsr-closed set, (A,E)    (U,E) implies that 

scl(A,E)    (U,E). It fo llows that (Y,E)   scl(A,E)    (Y,E)   

(U,E). That is (A,E) is soft-gsr - closed set relative to (Y,E). 

 

IV.  SOFT GSR – OPEN S ETS  

 

Definition: 4. 1 Let  (X, E,   ) be a soft topological space over X.  

A soft set (A,E) is called soft gsr -open set in X if the relat ive 

complement        is soft gsr – closed. 

Theorem: 4. 2 A soft set (A,E) is soft gsr-open set in a soft 

topological space X  if and only if (H,E)    ssint(A,E) whenever 

(H,E) is soft regular closed in X and (H,E)    (A,E).  

Proof: Suppose that (H,E) is soft regular closed and (H,E)    

(A,E) implies (H,E)    ssint(A,E). Let            (U,E) , where 

(U,E)  is soft regular open. Then            (A,E) where         

is soft regular closed. By hypothesis            ssint(A,E). That 

is                   (U,E). Equivalently,                  (U,E). 

Thus         is soft-gsr-closed. Hence we obtain (A,E) is soft-

gsr-open. Conversely, Suppose that (A,E) is soft gsr-open, (H,E) 

   (A,E) and (H,E) is soft regular closed. Then         is soft 

regular open. Then                   . Since         is soft-

gsr- closed.  Hence we obtain                           . 

Therefore (H,E)                      = ssint(A,E). 

 

Theorem: 4. 3 Let  (X ,  ) be a soft topological space and (A,E) 

be a soft set over X. If a  soft set (A,E) is soft-gsr-closed in x then 

sscl(A,E) - (A,E) is soft-gsr- open.    

   

Proof: Let (A,E) is soft- gsr-closed and  (H,E) be soft regular 

closed such that (H,E)    sscl(A,E) - (A,E). Then by theorem 3.25 

(H,E) =   and hence (H,E)    ssint(sscl(A,E) - (A,E) ). Hence we 

obtain sscl(A,E) - (A,E) is soft -gsr-open by theorem 4.2. 

 

Remark: 4. 4 Reverse implication does not hold as shown in the 

following example. 

 

Example: 4. 5 Let X = {a, b, c , d} , E = {  ,   }. Let us take the 

soft topology    on X and the soft set (A,E) ={{b},{c}}. sscl(A,E) 

- (A,E) soft gsr-open set. But (A,E) is not a soft gsr-closed set in 

(X,   ). 
 

Theorem: 4. 6 If (A,E) is soft-gsr -open in X and 

sint(A,E)          (A,E) then (B,E) is soft-gsr-open set. 

 

Proof: Suppose (A,E) is soft-gsr -open in X and  sint(A,E) 

         (A,E). Let  (H,E)          and (H,E) is soft regular 

closed in X. Since (B,E)    (A,E) and (H,E)          so we have      

(H,E)         . Hence  (H,E)    sint(A,E). Since (A,E) is soft gsr 

– open and  sint(A,E)                                      

sint(B,E).Therefore       is soft-gsr-open. 

 

Theorem: 4. 7 The intersection of two soft- gsr- open sets is 

again a soft- gsr-open set. 

 

Proof: Straight forward.  

 

V. SOFT - GS R-     - SPACES   

 

Definition: 5. 1 A soft topological space X is called  

(i) soft - gsr-      space if every soft- gsr- closed set is soft semi-

closed.  

(ii) soft -  gsr- space if every soft- gsr- closed is soft closed.  

 

Theorem: 5. 2  For a soft topological space (X, τ, E) the 

following are equivalent         

 (i) X is soft - gsr-      space. 

(ii) Every singleton set is either soft regular-closed or soft semi-

open. 

 

Proof: To prove (i)   (ii): Let X be a soft gsr-      space. Let 

(A,E) be a soft singleton set in X and assume that (A,E) is not 

soft regular- closed. Then clearly X- (A,E) is not soft regular- 

open. Hence X- (A,E) is triv ially a soft -gsr- closed. Since X is 

soft gsr-      space, X-(A,E) is soft semi-closed. Therefore (A,E) 

is soft semi-open. 

(ii   (i): Assume that every singleton of X is either soft 

regular-closed or soft semi-open. Let (A,E) be a soft- gsr-closed 

set. Let (A,E)   sscl (A,E) 

Case (i): Let the singleton set (F,E) be soft regular-closed. 

Suppose (F,E) does not belong to (A,E). Then (F,E)   scl (A,E) - 

(A,E) . By Theorem 3.33, (F,E)   (A,E). Hence sscl (A,E)     

(A,E). 

Case (ii): Let the singleton set (F, E) be soft semi-open . Since 

(F,E)   sscl (A,E), we have   (F,E) ∩ (A,E) ≠   implies that 

(F,E)   (A,E). In both the cases sscl (A,E)    (A,E) or 

equivalently (A, E) is soft semi-closed. 

 

Theorem: 5. 3 For a soft topological space (X, τ, E) the 

following are equivalent  

(i) X is soft- gsr-      space.  

(ii) For every soft subset (A,E) of X, (A,E) is soft-gsr- open if 

and only if (A,E) is soft semi-open.  

 

Proof: (i)   (ii): Let  the soft topological space X be soft- gsr- 

     and let  (A,E) be a soft gsr-open soft subset of X. Then X- 

(A,E) is soft- gsr-closed and so X- (A,E) is soft semi-closed. 

Hence (A,E) is soft semi-open. Conversely, let (A,E) be a soft 

semi-open subset of X. Thus X- (A,E) is soft semi-closed. Since 

every soft semi-closed set is soft gsr-closed then X- (A,E) is 

soft- gsr-closed. Hence (A,E) is soft gsr-open.  
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(ii)   (i): Let (A,E) be a soft- gsr-closed subset of X. Then X-

(A,E) is soft- gsr-open. By the hypothesis X- (A,E) is soft semi-

open. Thus (A,E) is soft semi-closed. Since every soft -gsr-

closed is soft semi-closed, X is soft-gsr-      space.  

 

Proposition: 5. 4. Every soft-gsr- space is soft-gsr-     . 

Proof: Proof is obvious. 

 

Theorem: 5. 5 SSO(X, τ, E)    SGSRO(X, τ, E). 

Proof: Let (A,E) be soft semi-open, then X- (A,E) is soft semi-

closed so X- (A,E) is soft gsr-closed. Thus (A,E) is soft gsr-

open. Hence SSO (τ)    SGSRO (τ). 
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