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New structure of bipolar fuzzy rho-ideals in rho-algebraic semigroups 

Manal Al-Labadi †

Department of Mathematics 
Faculty of Arts and Sciences 
University of Petra 
Amman
Jordan

Shuker Khalil *
Ahmed Naji Hassan §

Department of Mathematics 
College of Science 
University of Basrah 
Basrah 
Iraq

Wasim Audeh ‡

Department of Mathematics 
Faculty of Arts and Sciences 
University of Petra 
Amman
Jordan

Abstract
In algebraic semigroups when we deal with classical sets every ρ-ideal does not have 

to be ρ–-ideal. As a result, it is demonstrated in this study with their expansion in some 
kinds of sets as fuzzy set (FS) & bipolar fuzzy set (BFS) is held. Also, a new construction of 
(BFS) is demonstrated in ρ-algebras. The study of novel notions such as ρ-semigroup (ρ-SG), 
ρ-subsemigroup (ρ-SSG), ρ–-ideal semigroup (ρ–-ISG), ρ-ideal semigroup (ρ-ISG), and other 
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are given. Moreover, their extensions in fuzzy logic (FL) using Bipolar fuzzy are introduced. 
Additionally, a number of basic characteristics of our concepts are investigated and explored. 
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1. Introduction  
A notion for Fuzzy set (FSs) is established in 1965 [1]. Subsequently, their 

extensions, namely fuzzy soft ([2]-[5]) and bipolar fuzzy ([6],[7]), are 
demonstrated and investigated for their characteristics and uses in several 
domains in our everyday existence. Bipolar fuzzy sets (    ) is extension of 
(FSs) that membership (  ) range in       . Within a bipolar FSs, an 
element's (  ) mentions it just enough so that the element's property and (  ) 
[1,0] mention it in a way that implies the element's implied counter-property 
([8]). Jun et al. presented classes for fuzzy ideal in                  in 
2009 [8]. In 2020, Khalil and Hameed [9] proposed fuzzy algebra ideas like as 
fuzzy              (      , fuzzy         (     , and fuzzy  ̅  ideal 
(  ̅    . In this paper, we deal with classical sets every         does not have 
to be  ̅       . As a result, it is demonstrated in this study with their expansion 
in      and       is held. Furthermore, a new construction of       is 
demonstrated in   algebras. The study of novel notions such as   s       p 
(     ,                (      ,  ̅        semigroup( ̅      , 
        semigroup (      , and other are given. Finally, to extend our 
results to additional classes of algebras, we looked at the conclusion of the study 
and the direction of future research. Fuzzy set studied is also in [12]. 

2 Basic Fundemntals   
This section demonstrates the prerequisites for algebraic ideas. 

Definition 2.1: [9] Let δ  . This term         called           (for short, 
(    ) where         satisfies: (1)        (2)        (3) 
      and          , (4)                   { }  
Also, let      ,   is said to be                     of  , if     
        . Assume   is a relation on         such that            
Moreover, (     is a partially ordered set and         . 

Definition 2.2: [9]  Assume that         is       and      .   is said 
to be a         (     of    if  such that: (1)               (2) If 
      and      then    . 

Definition 2.3: [9] Assume that         is       and      . We say   
is a  ̅          ̅     of    if  such that: (1)    , (2)If     and    , then 
     . 
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Definition 2.4: [1] Let    . A function             is       for  . 

Definition  2.5: ([9]) Assume   is a (FS) in      .   is said to be a fuzzy 
             (       if           {         }           

Definition 2.6: [7] Let             be a (FS) &        {         
 }, where             and        . 

Definition 2.7: ([10, 11]) the bipolar        is        , where             
&           . Let             be a       and                   . 
We say      {           }  negative    cut for   &     {  
         }  positive       for  . 

3. New Structures for Bipolar Fuzzy Ideal. 
Definition 3.1: (         is a              [for short, (     ] if (1)         is a          , (2)       is a           (SG), (3)             
                                                        . 

Example 3.2: Let   {       } and             . Hence       is a 
      Assume ( ) is defined as table (1). Hence (         is        . Also, 
let   {             } with         ,         and      
        . Hence ( , ,    )            . As well, deter   e ( ) as table 
(2). 

Table 1 
( , ,   ) is a        
          
          
          
          
          

 

Table 2 
( , ,    )             
              
               
               
               
               

 

 

Definition 3.3: Assume       & (          is       . Then   is called 
a                       of  , if                ,        . 

Definition 3.4: Suppose that        and (          is a       . Then 
 is said to be a                            of  , if (1)   is a (     of  , 
(2)               ,         . 

Definition 3.5: Let (          be a         &      .   is  ̅        
            ̅       of  , if (1)   is a   ̅     of  , (2)          
     ,           . 

Example 3.6: Take (          in Example       and   {     }    
{       }  Hence   is   ̅     of  . thus               . So,   is 
  ̅       of  . Also,   {   } is         of  . But,   is not   ̅     of  , 
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because        , but        . Hence   is not   ̅       of  . 
  {   } is not (       of  , since      , but         and hence 
  is not       of   . Therefore   {   } is not   ̅       of  . 

Remark 3.7: By example (   ), that is not necessary any         is   ̅  
    . 

Definition 3.8: Assume   and  ́ are             . A mapping    (         
  ( ́  ́  ́   ́  is             homomorphisms where        
     ́     &             ́     ,       . Also,      {  
        ́} &     {      ́    } are image & kernel of  , respectively.  

Definition 3.9: Let   be      of     and (          is a       . Then   is 
said to be a fuzzy                     of  , if every       such that 
(1)           {         }, (2)           {         }. 

Definition 3.10: Assume    is (FS) of     & (          is a (     . Then   
is  fuzzy                             of  , if for any        with (1) 
          {         }, (2)         {           }, (3)     
      {         }. 

Definition 3.11: Suppose that   is (FS) in     and (          is a (     .   
is said to be fuzzy  ̅                     ̅       of  , if for any        
such that (1)          , (2)            {         }, (3)        
   {         }. 

Lemma 3.12 Suppose that   is a          of   , then (1)          ,    
 , (2)               ,        { }  

Proof: (1) If   is a          of  , then from [Definition           ], we 
obtain           {         },       . Put    . Then,        
   {         }           , so we have                     
 . (2) Assume   is a          of  . By [Definition             we get 
                 { }.So                      { }.  

Remark 3.13: If    is a    ̅       of  , then                    
  { }. 

Definition 3.14: If    is (FS) of     & (          is a       .   be bipolar 
fuzzy                   (        for  , where (1)         
    {            } &            {           }, (2)  

       
   {           } &             {           }        . 

Example 3.15: Take (          in Example      . Then (          is a 
      , and let             be defined as  = {(  , −0.7,0.8), ( , −0.6, 
0.6), ( , −0.4,0.5), ( ,−0.3,0.2)}, then   is a (      ) of  . 
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Definition 3.16 Suppose that   is      of     and (          is a       . 
Then the        is bipolar               s           (             , if 
(1)            {           } &            {           }, 
(2)          {             }&         {             }, 
(3)            {           } &            {           }, 
       . 

Definition 3.17: Suppose that   is a      of   and (          is a        . 
Then the        be  bipolar fuzzy  ̅        s           (   ̅       of  , 
if (1)             &            , (2)             {         
   } &            {     ,     }, (3)             {           } 
هنا المعادلة اكتب .        ,{           }            &   

Proposition 3.18: Let (          be a        and             be a 
          of   . Then              and            . 

Proof: If             is          . So             {           } 
&            {           } [from Definition           ], put    . 
           {           }        &            {            } 
      . But,            . Then              and            . 

Lemma 3.19: Let (          be a        and             be a 
          of   . Then   is (    ̅       of   . 

Proof:              and             [by Proposition       . Also 
           {           } &             {            }  [by 
Definition           ] and hence we get             {            }& 
           {           }        . Then   is (   ̅       of   .  

Remarks 3.20: (1) Lemma (3.19) leads us to consider that any           is     ̅      but in classical sets, this is generally not the case, as demonstrated 
by Example (   ). (2) We demonstrate in Example        that not every 
(   ̅       of   is     ̅       of   in general. 

Example 3.21: Let ( , ,    )    in example (3.2). Then (        ) is 
      . Let             be defined as   {     (  

   
)  (  

   
)      

 }. Then   is a (   ̅       of  , but, it is not (         of  , since 
          {                }   

Proposition 3.22: Let (          be        &             be      
     of   . If    , then              and            . 

Proof: If             is a          , so           {             } 
&          {             } [by Definition            . at    , we 
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get        So,   ( )     *  (   )   ( )+    *  ( )   ( )+ &    
( )      *   (   )   ( )+     *  ( )   ( )+. By [Proposition (    )] 
we get    *  ( )    ( )+    ( ) and      *  ( )   ( )+    ( ). 
Hence   ( )    ( ) and    ( )    ( ). 

Proposition 3.23: Let (        ) be a (    ) and   (       ) be a 
(      ) of   . If      , then   (   )     ( ) and   (   )    ( ). 

Proof: The proof is obvious from [Definition (    )  ( ) & Proposition 
(    )]  

Remarks 3.24: (1) if (        ) be (    ) &   (       ) be (    
   ) of   . Then    is a (      ) of    [ From Definition (    )   ( ) ( )] 
(2) Assume that (        ) is a (    ) with   (       ) is a (   ̅  
   ) of   . Then    is a (      ) of   [ From Definition (    )   ( ) ( )] 

Proposition 3.25: Let (        ) be a (    ) and   (       ) be a 
(       ) of   . Then (1)    *      ( )    ( )+ is (     ) of   , 
(2)    *      ( )    ( )+ is (      ) of     

Proof: The proof is obvious from [Proposition (3.18)] & [Definition (3.16)]. 

Theorem 3.26: Let (        ) be a (    ) and   (       ) be a 
(       ) of   . (1) If   

  *      ( )   +       ,    -  then 
(  

     ) is (   ) of  . (2) If   
  *      ( )   +       ,   -  then 

(   
      ) is (   ) of    

Proof: The proof for (1) &(2) are obvious from [Definition (3.16)-(1),(2)]. 

4. Conclusion  
Using (BFS), we are already investigating new classes of ideals in Rho-

algebraic semi groups. In addition, this work introduces and discusses novel 
concepts in (FL). In further work, we will describe additional applications that 
investigate algebraic logic problems using new (FL) technology. 
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