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Abstract 

The concepts of fuzzy rough algebraic border and fuzzy rough algebraic exterior sets are 

introduced in this paper. The properties of fuzzy rough algebraic border and fuzzy rough 

algebraic exterior are discussed. There are some intriguing characterizations and attributes 

studied.  

1. Introduction 

Authors [14], [8], [9], and [3] discussed fuzzy topological spaces, fuzzy 

sets, and their applications. Soft set theory, intuitionistic fuzzy set theory, 

soft fuzzy set theory, and other approaches are used to address a variety of 

additional uncertainties that crop up in real-world situations. In [12] and 

[13], a few of such theories' characteristics are covered. The idea of rough set 

was first presented by Pawlak [7]. R. Biswas and S. Nanda investigated the 

rough group and rough subgroup [1]. The rough topological space was 

researched by B.P. Mathew and S. J. John [5]. S. Majmudar and S. Nanda [6] 

examined the idea of a fuzzy rough set. The fuzzy rough topological group and 
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fuzzy rough group were examined and discussed by the author [11]. Calda, 

Jafari, and Noiri [2] researched the ideas of G-exterior and G-border. The 

concepts of fuzzy rough algebraic border and fuzzy rough algebraic exterior 

sets are introduced in this paper. The properties of fuzzy rough algebraic 

border and fuzzy rough algebraic exterior are discussed. There are some 

intriguing characterizations and attributes studied.  

2. Preliminaries 

Definition 2.1 [11]. Let X be the fuzzy topological space, and let be a 

fuzzy set. The boundary Bd  of , is then determined as  Bd  

    .


 clcl   Obviously,  Bd  is a fuzzy closed set.  

Definition 2.2 [2]. The fuzzy rough border of any fuzzy rough set in 

 TX ,  is defined as the intersection of the fuzzy rough set with the closure of 

its compliment.  

Definition 2.3 [2]. The fuzzy rough exterior of any fuzzy rough set in 

 TX ,  is defined as the interior of the compliment of the fuzzy rough set.  

3. Fuzzy Rough Algebraic Border and Exterior 

Definition 3.1. Let  TMX ,  be a fuzzy rough algebraic TM system and 

be any fuzzy rough algebraic. Then the fuzzy rough algebraic boundary of A, 

is denoted and defined as  

      .


 AclAclABd MTRMTRMTR    

Definition 3.2. Let A be a fuzzy rough algebraic in a fuzzy rough 

algebraic TM system  ., TMX  Then the fuzzy rough algebraic border of A is 

defined and denoted by  

    .


 AclAABr MTRMTR    

Proposition 3.1. Let A be any fuzzy rough algebraic in a fuzzy rough 

algebraic TM system  ., TMX  Then  
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(i)     .


 AclABr MTRMTR   

(ii)    .int AABr MTRMTR   

(iii)     .ABrABrBr MTRMTRMTR    

Proof. 

i)     AclAABr MTRMTR    

 Acl  MTR  

Hence    .AclABr  MTRMTR   

ii)      AclAABd  MTRMTRMTRMTR  intint  

 AclA  MTR  

A  

Hence    .int AABr MTRMTR   

iii)      AclABrABrBr  MTRMTRMTRMTR    

        AclAclAclA MTRMTRMTR    

 AclA  MTR  

Hence     .ABrABrBr MTRMTRMTR    

Proposition 3.2. If A is any fuzzy rough algebraic open in  TMX ,  then 

  .AABr MTR   

Proof. Since A is a fuzzy rough algebraic open then A   is a fuzzy rough 

algebraic closed. Then  

 ABrMTR  AclA  MTR  

AA    

.A  
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Hence   .AABr MTR   

Proposition 3.3. Let C and D be any two fuzzy rough algebraic in 

 TMX ,  then    .DBrCBr MTRMTR    

Proof. 

      DCclDCDCBr  MTRMTR   

    DCclDC   MTR  

      DclCclDC  MTRMTR    

    DclCBr  MTRMTR    

    CclDBr MTRMTR    

   DBrCBr MTRMTR    

Hence      .DBrCBrDCBr  MTRMTRMTR    

Proposition 3.4. Let S and T be any two fuzzy rough algebraic in fuzzy 

rough TM system  ., TMX  Then 

     .TBrSBrTSBr MTRMTRMTR     

Proof. 

      TSclTSTSBr  MTRMTR   

    TSclTS   MTR  

      TclSclTS  MTRMTR    

     TclTSclS  MTRMTR    

   .TBrSBr MTRMTR    

Hence      .TBrSBrTSBr MTRMTRMTR     
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Proposition 3.5. For any fuzzy rough algebraic A in  ,, TMX  

   .ABdABr MTRMTR    

Proof. 

   AclAABr  MTRMTR    

   AclAcl  MTRMTR    

 .ABdMTR  

Therefore,    .ABdABr MTRMTR    

Remark 3.1. If A is any fuzzy rough algebraic closed in  TMX ,  then 

   .ABdABr MTRMTR    

Proof. Since A is a fuzzy rough algebraic closed,   .AAcl MTR  

Now,    AclAABr  MTRMTR    

   .AclAcl  MTRMTR    

 .ABdMTR  

Therefore,    .ABdABr MTRMTR    

Definition 3.3. A fuzzy rough algebraic D in  TMX ,  is said to be fuzzy 

rough algebraic exterior of D is denoted and defined by 

   .int DDEr  MTRMTR   

Proposition 3.6. Let D be a fuzzy rough algebraic in fuzzy rough 

algebraic TM system  ., TMX  Then  

(i)      .


 DclDEr MTRMTR   

(ii)      .int DclDErEr MTRMTRMTRMTR    

(iii)   .0
~

1
~

ErMTR  

(iv)   .1
~

0
~

ErMTR  
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(v)     .int DclErD MTRMTRMTR    

Proof.  

(i) The proof follows directly from the Definition 2.17.  

(ii)      DErErDErEr  MTRMTRMTRMTR   [By Definition 2.17]  

   Dintint MTRMTR   

  .int DclMTRMTR   

Hence,      .int DclDErEr MTRMTRMTRMTR    

(iii) By (ii),  

    .0
~

1
~

1
~

 ErEr MTRMTR   

(iv) By (ii),  

    .1
~

0
~

0
~

 ErEr MTRMTR   

(v) Since  .AclA MTR  

    AclA MTRMTRMTR  intint   

    AErErA MTRMTRMTR   int  by (iii).  

Proposition 3.7. Let R and S be any two fuzzy rough algebraic in a fuzzy 

rough algebraic TM system  ., TMX  Then the following conditions hold.  

(i) If SR   then    .SErREr MTRMTR    

(ii)      .SErRErSREr MTRMTRMTR      

(iii)      .SErRErSREr MTRMTRMTR     

Proof. 

(i) Since    ., SErRErSR MTRMTR    Hence the proof is obvious 

by Definition 2.17.  
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(ii)     .int


 SRSREr  MTRMTR   

 SR  intMTR  

   SR  intint MTRMTR    

   .intint SR MTRMTR    

Hence,      .SErRErSREr MTRMTRMTR     

(iii) The proof is similar to (ii).  

Proposition 3.8. Let A be a fuzzy rough algebraic in a fuzzy rough 

algebraic TM system  ., TMX  Then   AAEr MTR  if and only if A is 

fuzzy rough algebraic closed.  

Proof. If A is any fuzzy rough algebraic TM closed then,  

 .AclA MTR  

By Definition 2.17,    AAEr  intMTRMTR    

   AMTR  

A  

Hence,   .AAEr MTR  

Conversely,   AAEr MTR   

  .int AA  MTR  

Hence A   is a fuzzy rough algebraic open. Therefore, A is a fuzzy rough 

algebraic closed.  

Proposition 3.9. Let A be any fuzzy rough algebraic in a fuzzy rough 

algebraic TM system  ., TMX  Then 

      .int AErAABd MTRMTRMTR  

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Proof.  

Since,      .AclAclABd  MTRMTRMTR    

Then,        


AclAclABd MTRMTRMTR    

   AA intint MTRMTR    

   AA  intint MTRMTR    

   .int AErA MTRMTR    

Therefore,       .int AErAABd MTRMTRMTR  


 

Proposition 3.10. Let A be a fuzzy rough algebraic in a fuzzy rough 

algebraic TM system  ., TMX  Then      .
 AErABr MTRMTR   

Proof. 

Since,    AclAABr  MTRMTR    

Then   AABr MTR   

 AclMTR  

   .


 AErMTR  

Hence      .


 AErABr MTRMTR   

Remark 3.2. From Propositions 3.5 to 3.10,  

     .ABdABrABr MTRMTRMTR    
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