
  

 

*Corresponding author 

  Email address: ezhil.devarasan@yahoo.com 

Songklanakarin J. Sci. Technol. 

46 (3), 309–315, May – Jun. 2024 

 

 

 

 Original Article  
 

 

Properties of rough fuzzy prime ideals in Γ rings 
 

Durgadevi P., and Ezhilmaran Devarasan* 

 
Department of Mathematics, School of Advanced Sciences,   

Vellore Institute of Technology, Vellore, 632014, India 

 
Received: 22 September 2023; Revised: 24 February 2024; Accepted: 18 April 2024 

 

 

Abstract 
 

Rough Set (RS) theory is a useful mathematical strategy to handle uncertainty.  In 1982, Pawlak presented the idea, and 

numerous authors have undertaken in-depth studies on RS in both ordinary cases and fuzzy situations. In terms of both the 

theoretical investigations and the practical applications, progress in this field of RS theory has yielded favorable outcomes over the 

last three decades and it is typically considered to be an extension of classical sets.  A universe in RS is separated by two subsets 

known as lower and upper approximations. Upper approximations are nonempty intersections of equivalence classes, whereas 

lower approximations are subsets of the set. In this study, rough sets are examined when the universe set has a ring structure. The 

main contribution of this study is to focus on rough fuzzy prime and semi-prime ideals of the gamma ring structure and explain 

certain respects of its upper and lower approximations. The goal of this research is to investigate some of the characterizations of 

prime and semi-prime ideals and prove some related results. Moreover, the study discusses rough fuzzy ideals (RFI) in Γ Residue 

class and gives some findings. 
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1. Introduction  
 

 Crisp set is used in classical mathematics to compute 

the membership of components in a set. It only aids in finding 

whether a component belongs to the set or not and whether a 

statement is either true or false. The middle of a complicated 

problem often arises in real life. To deal with such challenges, 

several researchers have come up with theories such as fuzzy 

set theory, RS theory, and soft set theory, applying their tireless 

efforts. To explain the ambiguity and fuzziness of information, 

Zadeh (1965) invented the concept of the fuzzy set. In recent 

years, fuzzy mathematics has become a significant branch in 

mathematics and fuzzy algebra is one of the most vital concepts 

in fuzzy mathematics. Naturally, the question arises, what 

happens if we substitute an algebraic structure in place of the 

universe set. Numerous applications exist in mathematics that 

depend on the use of fuzzy sets with algebraic structures. As a 

result, this concept has been utilized in a variety of fields and 

researchers are highly motivated to investigate ideas and 

findings  from  the field  of  abstract algebra  and apply them to 

 
broader fuzzy situations. Several researchers have extensively 

studied the fuzzy set theoretic approach with algebraic 

structures (1993). There are several types of algebraic 

structures including gamma rings. Nobusawa (1964) proposed 

the notion of a gamma ring, which is more common than other 

rings, and Barnes (1966) slightly weakened Nobusawa’s notion 

of the gamma rings. After Nobusawa, Luh (1969) investigated 

the concept of gamma rings. 

Linesawat and Lekkoksung (2022) examined a 

connection between ideals and anti-hybrid ideals. Suebsung, 

Wattanatripop, and Chinram (2019) studied A-ideals and fuzzy 

A-ideals of ternary semigroups. Nakkhasen and Pibaljommee 

(2019) illustrated the 𝑚-bi-hyper ideals in semi-hyper rings. 

Jun et al. (1992, 2003) investigated the concept of fuzzy sets in 

gamma ring theory. Kyuno (1978) explored prime ideals in a 

gamma ring structure. Homomorphism and endomorphism on 

𝑇- interval valued fuzzy sub-algebras are discussed by 

Hemavathi, Muralikrishna, Palanivel, and Chinram (2022). 

Later, Fuzzy prime ideals of rings were extensively studied by 

Mukherjee and Sen (1987) and Dutta and Chanda (2007). 

Yiarayong (2019) investigated the relationship between fuzzy 

prime and weakly fuzzy quasi-prime ideals in rings. Atanassov 

introduced the IFS to solve the non-determinacy issue in fuzzy 

sets.  Palaniappan  et al.  (2010, 2011)  examined  intuitionistic 
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fuzzy prime ideals in the gamma ring structure. The 

intuitionistic prime ideals of BCK-algebras were explored by 

Abdullah (2014) who also investigated some of their 

characteristics. Lee (2000) discussed intuitionistic fuzzy points 

and intuitionistic fuzzy neighborhoods. Pawlak (1982, 1991) 

proposed RS theory, which offers a novel theoretical 

framework for resolving complex problems in ambiguous 

circumstances. Researchers and practitioners in various fields 

of science and technology have been interested in this theory. 

The algebraic structure is a key component of RS theory that 

studies the intelligent systems that contain incomplete and 

insufficient information as an extension of set theory. This 

theory has been applied to a wide variety of fields and it is an 

emerging area of uncertainty mathematics closely relevant to 

fuzzy set theory.  Kazanci and Davvaz (2008) examined the 

rough prime ideals and the upper and lower approximations of 

their homomorphism images. The algebraic and topological 

properties of generalized rough sets have been investigated by 

Ali, Davvaz, and Shabir (2013).  

To extend the concept of a sub-ring in a ring, Davvaz 

(2004, 2018) introduced the idea of a rough sub-ring 

concerning the ideal of a ring and also discussed methods and 

ideas about rough algebraic structures. Bonikowaski (1994) 

conducted a study on RS algebraic and set-theoretical 

characteristics. When RS has been combined with other 

theoretical methods or technologies, it results in a multitude of 

research with extensions. Fuzzy set theory and RS theory are 

two popular methodologies for dealing with data ambiguity and 

imprecision. Even if these ideas differ, they result in highly 

beneficial ways when combined.  Thus, the notion of RFS was 

developed by combining RS and fuzzy sets. RFS is an 

approximation of a fuzzy set in a crisp approximation space. A 

fuzzy rough set is an approximate representation of a crisp set 

in a fuzzy approximation space. Dubois and Parade (1990) 

discussed the difference between an RFS and a fuzzy rough set. 

In gamma ring theory, the present researcher used the idea of 

rough fuzzy sets. 

Several studies have investigated the usefulness of 

RFS for dealing with uncertainty, particularly vagueness. 

Subha et al. (2019, 2020) studied the rough fuzzy prime ideals 

in semi-groups.  Hussain, Mahmood and Ali (2019a, 2019b) 

investigated rough fuzzy ideals in semigroups. Durgadevi and 

Ezhilmaran (2022a, 2022b) examined some of the 

characteristics of RFI in gamma rings. Malik et al. (2019, 2023) 

explored rough fuzzy set with algebraic structure and also 

discussed application in rough fuzzy bipolar soft sets. As per 

the research survey, many academicians have investigated the 

RFS with several algebraic structures, and no previous study 

was found on RFPI and RFSPI in gamma rings. As a result, the 

purpose of this work is to bridge the gap in previous research 

by establishing the concept of RFPI and RFSPI in the gamma 

ring structure. This article is organized into the following 

Sections. The required basic definitions are discussed in 

Section 2. RFPI are examined in Section 3. In Section 4 RFSPI 

in gamma rings are defined and related theorems are proved. 

Section 5, investigates RFI in Γ Residue Class and discusses 

their respective properties. The conclusion is presented in 

Section 6. 

 

2. Preliminaries 
 

This section discusses some fundamental concepts such as gamma ring, rough set, and rough fuzzy set.  

 

Definition 2.1: (Barnes, 1966) Let (N, +) and (Γ, +) be additive Abelian groups. If there exists a mapping N × Γ × N → N  [the 

image of (p, α, q) is denoted by pαq for p, q, r ∈ N and α ∈ Γ]  satisfying the following identities: 

(1) 𝑝𝛼𝑞 ∈ N, 

(2) (p + q)αr = pαr + qαr, p(α + β)q = pαq + pβq, pα(q + r) = pαq + pαr, 
(3) (pαq)βr = p(αqβ)r = pα(qβr) 

for all  p, q, r ∈ N and α, β ∈ Γ, then N is called a Γ Ring.  

If these axioms are strengthened to 

(1’) pαq ∈ N, αpβ ∈ Γ, 
(2’)(p + q)αr = pαq + qαr, p(α + β)q = pαq + pβq, pα(q + r) = pαq + pαr, 
(3’)(pαq)βr = p(αqβ)r = pα(qβr), 
(4’) pαq = 0 for all  p, q ∈ N implies α = 0, 
We then have a Γ Ring in the sense of Nobusawa. 

Note that, it follows from (1) - (3) that 0αq = p0q = pα0 = 0 for all p, q ∈ N and α ∈ Γ. 
 

Definition 2.2: (Pawlak, 1991) Suppose the knowledge base K = (U, R). For each subset 𝑃 ⊆ 𝑈,  and an equivalence relation R ∈
𝐼𝑁𝐷(𝐾) we associate the two subsets  𝑎𝑝𝑟(𝑃) = ⋃{𝑌 ∈  𝑈/𝑅 | 𝑌 ⊆ 𝑃}  and 𝑎𝑝𝑟(𝑃) = ⋃{𝑌 ∈  𝑈/𝑅 | 𝑌 ∩ 𝑃 ≠ 𝜙} that are apr-

lower and apr-upper approximations of P respectively.  

 

Definition 2.3: (Dubois & Parade, 1990) Let X ⊆ 𝑈 be a set, R be an equivalence relation on U and 𝑃 be a fuzzy subset in U. The 

upper and lower approximation of a fuzzy subsets P by R are the fuzzy set 𝑈/R with membership function defined by 

𝜇𝑎𝑝𝑟(𝑃)(𝑋𝑖) = 𝑠𝑢𝑝{𝜇𝑃(𝑥)|𝜔(𝑋𝑖) = [𝑥]𝑅} and  

𝜇𝑎𝑝𝑟(𝑃)(𝑋𝑖) = 𝑖𝑛𝑓{𝜇𝑃(𝑥)|𝜔(𝑋𝑖) = [𝑥]𝑅},  

where 𝜇𝑎𝑝𝑟(𝑃)(𝑋𝑖) (resp. 𝜇𝑎𝑝𝑟(𝑃)(𝑋𝑖))  is the degree of membership of  𝑋𝑖  in 𝑎𝑝𝑟(𝑃)(𝑟𝑒𝑠𝑝. 𝑎𝑝𝑟(𝑃)). 𝑎𝑝𝑟(𝑃) , 𝑎𝑝𝑟(𝑃)) is called 

an RFS. 
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3.  Rough Fuzzy Prime Ideals in 𝜞 Rings 
 

In this section, we investigate a few theorems about rough fuzzy prime ideals in gamma rings and discuss some related 

results. 

 

Definition 3.1: (Pushpanathan & Devarasan, 2022) An upper (resp. lower) RFS 𝜆 =< apr̅̅ ̅̅̅λ, aprλ > in N is said to be a RFLI (resp. 

RFRI) of a 𝛤 Ring N if 

(i) 𝑎𝑝𝑟̅̅ ̅̅ 𝜆̅(𝑝 − 𝑞) ≥ {𝑎𝑝𝑟̅̅ ̅̅ 𝜆̅(𝑝)⋀𝑎𝑝𝑟̅̅ ̅̅ 𝜆̅(𝑞)}, 𝑎𝑝𝑟̅̅ ̅̅ 𝜆̅(𝑝𝛾𝑞) ≥ 𝑎𝑝𝑟̅̅ ̅̅ 𝜆̅(𝑞)[𝑟𝑒𝑠𝑝. 𝑎𝑝𝑟̅̅ ̅̅ 𝜆̅(𝑝𝛾𝑞) ≥ 𝑎𝑝𝑟̅̅ ̅̅ 𝜆̅(𝑝)]; 

(ii) aprλ(p − q) ≤ {aprλ(p)⋁aprλ(q)} , aprλ(pγq) ≤ aprλ(q)[resp. aprλ(pγq) ≤ aprλ(p)]. 

for all p, q ∈ N and γ ∈ Γ. 

 

Example 3.2: (Pushpanathan & Devarasan, 2022) 

Let N = {a, b, c, d} and α = {e, f, g, h} be two sets and define the operations - and α as follows 

apr̅̅ ̅̅̅λ(p) = {

0.5          if p = a, e
0.6          if p = b, f
0.6   if p = c, d, g, h

,   aprλ(p)  = {

0. 5            𝑖𝑓 𝑝 = 𝑎, 𝑒
0.4              if p = b, f

0.3        if p = c, d, g, h
 

 

   
 

Figure 1. Example of rough fuzzy ideals in γ rings 

 

By applying the upper and lower approximation values in the RFI condition. By routine calculation, clearly N is a RFI. 

 

Definition 3.3: (Barnes, 1966) An ideal λ of the Γ Ring N is said to be prime if for any ideals P and Q of N, PΓQ ⊆ λ implies P ⊆ λ  

or Q ⊆ λ . 

 

Theorem 3.4: (Mukherjee & Sen, 1987) Let λ be an ideal of a Γ Ring N. Then the following conditions are equivalent 

(i) λ is a prime ideal of N 

(ii) For all p, q ∈ N, pΓNΓq ⊆ λ  implies  p ∈ λ  or q ∈ λ.  
 

Definition 3.5: (Mukherjee & Sen, 1987) A fuzzy ideal μ of a Γ Ring N is said to be prime  

if (i)  μ is a non-constant function 

(ii) For any two ideals ϕ, ψ in N, ϕΓψ ⊆ μ implies, ϕ ⊆ μ or ψ ⊆ μ. 
 

Definition 3.6: Let 𝜆 be a RFI of N. Then 𝜆 is said to be prime if 𝜆 is not a constant mapping and for any RFI P, Q of a Γ Ring 

N,  PΓQ ⊆ 𝜆 implies P ⊆ 𝜆 or Q ⊆ 𝜆. 

 

Definition 3.7: (Kumar, 1993) A fuzzy subset  μ  of a Γ Ring N is called fuzzy point if μ(p) ∈ [0,1] for some p ∈ N and μ(q)=0 

for all q ∈ N\{x}. If μ(p) = β, then the fuzzy point μ is denoted by pβ. 

 

Definition 3.8: (Lee & Lee, 2000).  Let (x, y) ϵ ℐ ∗ ℐ with x + y ≤ 1. Then a RFP p(x,y) of N is the RFS in N defined as follows 

for each q ∈ N. 

 p(x,y)(q) = {
(x, y)           q = p

(0,1)            q ≠ p   
       

In this case, p is called the support of p(x,y) and x, y is the value and non value of  p(x,y) respectively. An RFP p(x,y) is said to 

belong to an RFS A= < apr̅̅ ̅̅̅A, aprA > in N, denoted by p(x,y) ∈  A if x ≤  apr̅̅ ̅̅ ̅A(p) and  aprA(p) ≤ y. 

 

Result 3.9: Let A and B be two rough fuzzy subsets in N. Then A⊂ B  iff for each p(x,y) ∈ RFP(N), p(x,y) ∈ A  implies p(x,y) ∈ B. 

 

Result 3.10: Let p(x,y), q(t,s) be rough fuzzy point in N. Then p(x,y)Γq(t,s) = (pΓq)(x∧t,   y∨s) 

 

Definition 3.11: (Mukherjee & Sen, 1987) A Γ Ring N is called commutative if pγq = qγp for all p, q ∈ N  and γ ∈ Γ.
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Theorem 3.12: Let N be a commutative Γ Ring and 𝜆 be a RFI of M. Then the below 

conditions are identical  

(i) p(x,y)Γ q(t,s) ⊆ 𝜆 ⇒ p(x,y) ⊆ 𝜆  or q(t,s) ⊆ 𝜆, where p(x,y), q(t,s) are two RFP of N.  

(ii)  𝜆 is a RFPI of N. 

 

Proof: (i) implies (ii). 

Assume  p(x,y)Γq(t,s) ⊆ 𝜆 ⇒  p(x,y) ⊆ 𝜆 (or) q(t,s) ⊆ 𝜆. To prove 𝜆 is a RFPI of N. Let  ϕ and ψ be RFI of N such that ϕΓψ ⊆ 𝜆. 

Suppose ϕ ⊈ 𝜆. Then there exists p ∈ N such that apr̅̅ ̅̅̅ϕ (p) > apr̅̅ ̅̅̅𝜆 (p) and aprϕ (p) < apr𝜆 (p). Let  apr̅̅ ̅̅̅ϕ (p) = a and 

aprϕ (p) = b and  q ∈ N such that   apr̅̅ ̅̅̅ψ (q) = c and aprψ (q) = d. If r = pγq for some γ ∈ Γ,  then p(x,y)Γq(t,s)(r) = (a ∧ c,

b ∨ d). Hence apr̅̅ ̅̅̅𝜆 (r) = apr̅̅ ̅̅̅𝜆 (pγq) = apr̅̅ ̅̅̅ϕΓψ (pγq) ≥ {apr̅̅ ̅̅̅ϕ (p) ∧ apr̅̅ ̅̅̅ψ (q)} = {a ∧ c} = apr̅̅ ̅̅̅ p(x,y)Γq(t,s)
(pγq). Similarly, to 

find the lower approximation we finally obtain apr𝜆 (r) = {b ∨ d} = apr p(x,y)Γq(t,s) (pγq). If apr̅̅ ̅̅̅ p(x,y)Γq(t,s) (r) = 0 and  

apr p(x,y)Γq(t,s) (r) = 1 then apr̅̅ ̅̅̅𝜆 (r) ≥ apr̅̅ ̅̅̅ p(x,y)Γq(t,s) (r) and apr𝜆 (r) ≤ apr p(x,y)Γq(t,s)
(r). Hence  p(x,y)Γ q(t,s)(r) ⊆ 𝜆 By (i) 

either p(x,y) ⊆ 𝜆 or q(t,s) ⊆ 𝜆 . That is, either a ≤  apr̅̅ ̅̅̅𝜆 (p), b ≥  apr𝜆 (p) (or) c≤   apr̅̅ ̅̅̅𝜆 (q) and d ≥ apr𝜆 (q). Since a ≰  apr̅̅ ̅̅̅𝜆 (p), 

b≱  apr𝜆 (p) ,  apr̅̅ ̅̅̅ψ (q) = c  ≤  apr̅̅ ̅̅̅𝜆 (q), aprψ (q) = d ≥ apr𝜆 (q).  So ψ ⊆ 𝜆. Thus 𝜆 is a RFPI of N. 

(ii) implies (i). Assume that λ is a RFPI of a Γ Ring N. To prove pΓq ⊆ λ ⇒  p(x,y) ⊆ λ (or) q(t,s) ⊆ λ. Let  p(x,y)  and  q(t,s) be 

two RFP of N such that  p(x,y)Γq(t,s) ⊆ λ. Proof of ((i) ⇒(ii)) (p(x,y)Γq(t,s))(pγq) = (x ∧ t, y ∨ s), where x ∧ t ≤ apr̅̅ ̅̅̅λ (pγq) and 

y ∨ s ≥ apr̅̅ ̅̅̅λ(pγq)  for all γ ∈ Γ.  Let the RFS ϕ  and ψ be defined by 

ϕ(r) = {
(x, y)                  r ∈ 〈p〉,
(0,1)        otherwise,     

    ,   ψ(r) = {
(t, s)                     r ∈ 〈q〉,
(0,1)          otherwise,     

      

Clearly ϕ  and ψ are RFI of N. Now, (ϕΓψ)(Z) = {∨r=uγv [ϕ(u) ∧ ψ(v)],⋀r=uγv[ϕ(u) ∨ 

∨ ψ(v)]} ={x∧ t, y ∨ s} where u ∈  〈p〉 and v ∈ 〈q〉. Hence  apr̅̅ ̅̅̅ϕΓψ (r) = x∧ t ≤ apr̅̅ ̅̅̅A (uγv) and aprϕΓψ (r) = y ∨ s ≥ aprλ(uγv). 

Proof of ((i) ⇒ (ii)), when r = uγv where u ϵ〈p〉, v ϵ〈q〉. Otherwise  (ϕΓψ)(r) = (0,1). That is ϕΓψ ⊆ λ. As λ is a Prime, ϕ ⊆ λ 

or ψ ⊆ λ. Then  p(x,y) ⊆ ϕ ⊆ λ  (or)  q(t,s) ⊆ ψ ⊆ λ. Thus  p(x,y)Γq(t,s) ⊆ λ implies that either  p(x,y) ⊆ λ or q(t,s) ⊆ λ. 

 

Theorem 3.13: Let ℐ be an ideal of a Γ Ring N, α, β ∈ [0,1] and 𝜆 be an rough fuzzy subset of N defined by apr̅̅ ̅̅̅𝜆 (p) =

{
1                 p ∈ ℐ,
α                 p ∉ ℐ,

    , apr𝜆 (p) = {
0                p ∈ ℐ,
β                p ∉ ℐ,

     

Then 𝜆 is a RFPI of N iff ℐ is a prime ideal of N. 

 

Proof: Let ℐ be an ideal of a Γ Ring N. Assume that ℐ is a prime ideal of N. To prove 𝜆 is a RFPI of N let ℐ be an prime ideal. 

Obviously 𝜆 is non constant. If  {apr̅̅ ̅̅̅𝜆 (a) ∧  apr̅̅ ̅̅̅𝜆 (b)} =  α  and {apr𝜆 (a) ∨ apr𝜆 (b)} =  β then  apr̅̅ ̅̅̅𝜆 (a − b) ≥  {apr̅̅ ̅̅̅𝜆 (a) ∧

 apr̅̅ ̅̅̅𝜆 (b)}, and apr𝜆 (a − b) ≤ { apr𝜆 (a) ∨ apr𝜆 (b)}. If {apr̅̅ ̅̅̅𝜆 (a) ∧  apr̅̅ ̅̅̅𝜆(b)} = 1 and { apr𝜆 (a) ∨ apr𝜆 (b)} = 0, 

then  apr̅̅ ̅̅̅𝜆 (a) =   apr̅̅ ̅̅ ̅𝜆 (b) = 1 and apr𝜆 (a) = apr𝜆 (b) = 0. So a, b ∈ ℐ which implies a − b ∈ ℐ. Therefore apr̅̅ ̅̅̅𝜆 (a − b) = 1 

and   apr𝜆 (a − b) = 0. Hence for all p,q ∈ N, apr̅̅ ̅̅̅𝜆 (p − q) ≥ {apr̅̅ ̅̅̅𝜆 (p)  ∧  apr̅̅ ̅̅̅ (q)} and apr𝜆 (p − q) ≤ { apr𝜆 (p) ∨ apr𝜆 (q)}. 

Similarly apr̅̅ ̅̅̅𝜆 (pγq) ≥ apr̅̅ ̅̅̅𝜆(p)[resp. apr̅̅ ̅̅̅𝜆 (pγq) ≥ apr̅̅ ̅̅̅𝜆 (q)]and apr𝜆 (pγq) ≤  apr𝜆 (p)[resp apr𝜆 (pγq) ≤ apr𝜆 (q)]. Thus 𝜆 

is a RFI of N. Let the RFI ϕ, ψ of N be such that ϕΓψ ⊆ 𝜆 and ϕ ⊈ 𝜆 or  ψ ⊈ 𝜆. Then there exists p, q ∈ N  such that  

apr̅̅ ̅̅̅ϕ (p) > apr̅̅ ̅̅̅𝜆 (p), aprϕ (p) < apr𝜆 (p) and apr̅̅ ̅̅̅ψ (q) > apr̅̅ ̅̅̅𝜆 (q), aprψ  (q) < apr𝜆 (q). This implies that apr̅̅ ̅̅̅𝜆 (p) =

apr̅̅ ̅̅̅𝜆 (q) =  α and apr𝜆 (p) = apr𝜆 (q) = β. Therefore p, q ∉ ℐ. Since ℐ is a prime ideal of M, pΓMΓq ⊈ ℐ [17]. Then there exists 

n ∈ N,  γ1, γ2 ∈ Γ such that pγ1nγ2q ∉ ℐ. Hence apr̅̅ ̅̅̅𝜆 (xγ1n γ2y) = α,  apr𝜆 (xγ1n γ2y) = β. Now, apr̅̅ ̅̅̅ϕΓψ (pγ1n γ2q ≥

{apr̅̅ ̅̅̅ϕ (p) ∧  apr̅̅ ̅̅̅ψ (n γ2q)} ≥ {apr̅̅ ̅̅̅ϕ(p) ∧ apr̅̅ ̅̅̅ψ (q)} > {apr̅̅ ̅̅̅𝜆 (p) ∧  apr̅̅ ̅̅̅𝜆 (q)} = α = apr̅̅ ̅̅̅𝜆 (pγ1nγ2q) and aprϕΓψ (pγ1n γ2q) ≤

{aprϕ (p) ∨ aprψ (nγ2q)} ≤ {aprϕ (p) ∨  aprψ (q)} < {apr𝜆 (p) ∨  apr𝜆 (q)} = β = apr𝜆 (pγ1n γ2q), which is a contradiction. 

Thus 𝜆 is a RFPI of N. Conversely, Assume 𝜆 is a RFPI of N. To prove that ℐ is a Prime ideal of N let 𝜆 be the RFPI of N and X, 

Y be two fuzzy ideals of N such that XΓY ⊆ ℐ. Let X ⊈ ℐ and Y ⊈ ℐ and let x ∈ X\ℐ  and y ∈ Y\ℐ. We define RFS  ϕ , ψ of N as 

follows 

apr̅̅ ̅̅̅ϕ (p) = {
1                p ∈ X
α                p ∉ X

    ,   aprϕ (p) = {
0                p ∈ X
β                 p ∉ X

   

 apr̅̅ ̅̅̅ψ(p) = {
1                p ∈ Y
α                p ∉ Y

    ,  aprψ (p) = {
0                 p ∈ Y
β                 p ∉ Y

    

Then ϕ, ψ are RFI of N. Since apr̅̅ ̅̅̅ϕ (p) = 1 > α =  apr̅̅ ̅̅̅𝜆 (p) and aprϕ  (p) = 0 < β = apr𝜆  (p), ϕ ⊈ 𝜆.  Similarly ψ ⊈ 𝜆.  

But ϕΓψ ⊆ 𝜆. This is a contradiction, so ℐ is a prime ideal of N. 

 

4. Rough Fuzzy Semi Prime Ideals in 𝚪 Rings 
 

In this section, we discuss some theorems about RFSPI in gamma ring structure. 
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Definition 4.1: A non-constant RFI 𝜆 of a Γ Ring N is RFSPI if for any RFI  ϕΓϕ ⊆ 𝜆   implies ϕ ⊆ 𝜆. 
 

Theorem 4.2: Let N be a commutative Γ Ring and 𝜆 be a RFI of N, then the following are equivalent. 

(i)  p(α ,β)Γ p(α ,β) ⊆ 𝜆 ⇒  p(α ,β) ⊆ 𝜆  

(ii) 𝜆 is a RFSPI of N 

(iii) ϕ ∘ ϕ ⊆ 𝜆  implies ϕ ⊆ 𝜆  
 

Proof: (i) implies (ii). ϕΓϕ ⊆ 𝜆   implies ϕ ⊈ 𝜆 . Then there exists p ∈ N such that apr̅̅ ̅̅̅ϕ (x) > apr̅̅ ̅̅̅𝜆  (p)   and aprϕ(p) <

 apr̅̅ ̅̅̅𝜆  (p). Let apr̅̅ ̅̅̅ϕ (p) = α and  aprϕ(p) =  β. By (i)  p(α ,β)Γ p(α ,β) ⊆ 𝜆  implies  p(α ,β) ⊆ 𝜆 . This shows that p(α ,β)(x) ⊆

𝜆 (x). This implies that apr̅̅ ̅̅̅𝜆  (p) ≥ apr̅̅ ̅̅̅ϕ (p) and  apr𝜆(p) ≤  apr̅̅ ̅̅̅ϕ (p). This is a contradiction, so   ϕ ⊆ 𝜆. Therefore 𝜆 is a RFSPI 

of N. Obviously (ii) implies (iii).  

(iii) implies (i). Assume ϕ ∘ ϕ ⊆ 𝜆  implies ϕ ⊆ 𝜆. To prove (i) 

let  p(α ,β)Γ p(α ,β) ⊆ 𝜆 ⇒  p(α ,β) ⊆ 𝜆, where  p(α ,β) is a RFP of N . 

ϕ ∘ ϕ ⊆ 𝜆 implies 

{
∨ [∧i [∧ [apr̅̅ ̅̅̅𝜆1 (ui), apr̅̅ ̅̅̅𝜆2 (vi)]]], 1 ≤ i ≤ n, x = ∑ uiγivi,

n
i=1 ui, vi ∈ N, γi ∈ Γ

0                                                                                                                      otherwise
  

⊆ {
∨x=uγv [∧ [ apr̅̅ ̅̅̅𝜆1

(ui), apr̅̅ ̅̅̅𝜆2
(vi)]]], ui, vi ∈ N,               

0                                                                         otherwise.
         and 

 {
∧ [∨i [∨ [apr𝜆1 (ui),  apr𝜆2 (vi)]]], 1 ≤ i ≤ n, x = ∑ uiγivi,

n
i=1 ui, vi ∈ N, γi ∈ Γ

1                                                                                                                  otherwise
    

⊆ {
∧x=uγv [∨ [apr𝜆1

(ui), apr𝜆2 (vi)]] , ui, vi ∈ N,

1                                                        otherwise.
. 

Then it can be said that ϕ ∘ ϕ ⊆ 𝜆  implies  p(α ,β)Γ p(α ,β) ⊆ 𝜆 ⇒  p(α ,β) ⊆ 𝜆, since ϕ ⊆ 𝜆   and ϕ can be obtained as  ϕ =

 p(α ,β) ⊆ 𝜆. 

 

Theorem 4.3: let 𝜉 be a semi prime ideal of a Γ Ring N and α, β ∈ [0,1] such that α +  β ≤ 1. Then 𝜆 is a RFPI of N where 

apr̅̅ ̅̅̅𝜆 (p) = {
1                p ∈ 𝜉
α                p ∉ 𝜉

 ,   apr𝜆 (x) = {
0                 p ∈ 𝜉
β                 p ∉ 𝜉

     

 

Proof: For all p, q ∈ N.    apr̅̅ ̅̅̅𝜆 (p) ∧  apr̅̅ ̅̅̅𝜆(q) =  α  and  apr𝜆 (p) ∨ apr𝜆 (q) = β, then apr̅̅ ̅̅̅𝜆 (p − q) ≥ {apr̅̅ ̅̅̅𝜆 (p)⋀  apr̅̅ ̅̅ ̅𝜆 (q)}  and 

apr𝜆 (p − q) ≤ { apr𝜆 (p) ∨ apr𝜆 (q)}. For all p, q ∈ N,  if apr̅̅ ̅̅̅𝜆 (p)⋀ apr̅̅ ̅̅̅𝜆 (q) = 1 and apr𝜆 (p) ∨ apr𝜆 (q) = 0, then apr̅̅ ̅̅̅𝜆 (p) =

 apr̅̅ ̅̅̅𝜆 (q) = 1 and  apr𝜆 (p) = apr𝜆 (q) = 0. This implies  p, q ∈ 𝜉. Since 𝜉 is an ideal of M then p - q ∈ 𝜉. Therefore 1 =

apr̅̅ ̅̅̅A (p − q) ≥ {apr̅̅ ̅̅̅A (p) ∧ apr̅̅ ̅̅̅B (q)} and 0 = aprA (p − q) ≤ { aprA (p)  ∨  aprB (q)}. Similarly apr̅̅ ̅̅̅𝜆 (pγq) ≥

apr̅̅ ̅̅̅𝜆 (q) [resp. apr̅̅ ̅̅̅𝜆 (pγq) ≥ apr̅̅ ̅̅̅𝜆 (p)]  for all p, q ∈ N and  γ ∈  Γ. Let ϕΓϕ ⊆ 𝜆 and ϕ ⊈ 𝜆. Then there exists p ∈ N such that 

apr̅̅ ̅̅̅ϕ (p) > apr̅̅ ̅̅̅𝜆 (p) and aprϕ (p) < apr𝜆 (p). This implies  apr̅̅ ̅̅̅𝜆 (p) = α,    apr𝜆 (p) =  β. Since  𝜉 is a semi prime ideal, pΓp ⊆

𝜉, then  apr̅̅ ̅̅̅𝜆 (pΓp) = α and apr𝜆 (pΓp) =  β. So, apr̅̅ ̅̅̅ϕΓϕ (pΓp) ≥  apr̅̅ ̅̅̅ϕ (p) >  apr̅̅ ̅̅̅𝜆 (p)=apr̅̅ ̅̅̅𝜆 (pΓp) and aprϕΓϕ (pΓp) ≤

 aprϕ (p) <  aprϕ (p)= aprϕ (pΓp). This is a contradiction, hence 𝜆  is a RFSPI of N. 

 

5. Rough Fuzzy Ideals in 𝚪 Residue Class 
 

This section examines rough fuzzy ideals in quotient rings and also investigates some of their properties. 

 

Definition 5.1: (Barnes, 1966) Let ℐ be an ideal of a Γ Ring N. If for each p+ ℐ, q+ ℐ in the factor group N/ ℐ and each γ ∈ Γ, we 

define (p+ ℐ) γ(q + ℐ) =pγq + ℐ, then N/ ℐ is a Γ Ring which we shall call the  Γ residue class ring of N with respect to ℐ. 

 

Proposition 5.2: Let ℐ be an ideal of a Γ Ring N. If λ is a RFLI (resp.RFRI) of N, then the RFS λ̃ of N/ ℐ defined by apr̅̅ ̅̅̅λ̃ (p +
ℐ) = ⋁ apr̅̅ ̅̅̅λ(p + x1)x1∈ℐ  and  apr λ̃ (p + ℐ) = ⋀ aprλ(p + x1)x1∈ℐ   is a RFLI (resp. RFRI) of the Γ residue class right N/ ℐ of N 

with respect to ℐ. 

 

Proof: Let p, q ∈ N be such that p + ℐ = q + ℐ . Then q = p + x2 for some  x2 ∈ ℐ and so  

apr̅̅ ̅̅̅λ̃ (q + ℐ) = ⋁ apr̅̅ ̅̅̅λ(q + x1)x1∈ℐ = ⋁ apr̅̅ ̅̅̅λ(p + x2 + x1)x1∈I     = ⋁ apr̅̅ ̅̅̅λ(p + x3) =x1+x2=x3∈ℐ apr̅̅ ̅̅̅λ̃ (p + ℐ)  

apr λ̃ (q + ℐ) = ⋀ aprλ(q + x1)x1∈ℐ = ⋀ aprλ(p + x2 + x1)x1∈ℐ  = ⋀ aprλ(p + x3) =x1+x2=x3∈ℐ apr λ̃(p + ℐ)  

Hence λ̃ is well defined. 

For any  x1 +I,  x2 + ℐ ∈ N/ ℐ and  γ ∈ Γ, we have 

apr̅̅ ̅̅̅λ̃((x1 + ℐ) − (x2 + ℐ)) =  apr̅̅ ̅̅̅λ̃ ((x1 − x2) + ℐ)=⋁ apr̅̅ ̅̅̅λ((x1 − x2) + x3)x3∈ℐ  

      = ⋁ apr̅̅ ̅̅̅λ((x1 − x2) + (u − v))u−v=x3∈ℐ = ⋁ apr̅̅ ̅̅̅λ((x1 + u) − (x2 + v))u,v∈ℐ  
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       ≥ ⋁ {apr̅̅ ̅̅̅λ(x1 + u)) ∧ apr̅̅ ̅̅̅λ(x2 + v)}u,v∈ℐ ={⋁ apr̅̅ ̅̅̅λ(x1 + u)} ∧ {⋁ apr̅̅ ̅̅̅λ(x2 + v)v∈ℐ }u∈ℐ  

      = apr̅̅ ̅̅̅λ̃ (x1 + ℐ) ∧ apr̅̅ ̅̅̅λ̃ (x2 + ℐ) 

apr λ̃ ((x1 + ℐ) − (x2 + ℐ)) =  apr λ̃ ((x1 − x2) + ℐ)= ⋀ aprλ((x1 − x2) + x3)x3∈ℐ  

    =  ⋀  aprλ((x1 − x2) + (u − v)) = x3=u−v∈ℐ ⋀ aprλ((x1 + u) − (x2 + v))u,v∈ℐ  

     ≤ ⋀  aprλ{(x1 + u)) ∨ aprλ(x2 + v)u,v∈ℐ  } ={⋀ aprλ(x1 + uu∈ℐ )} ∨ {⋀ aprλ(x2 + vv∈ℐ )} 

     =  apr λ̃ (x1 + ℐ) ∨ apr λ̃(x2 + ℐ) 

apr̅̅ ̅̅̅λ̃((x1 + ℐ)γ(x2 + ℐ)) =  apr̅̅ ̅̅̅λ̃ (x1 γx2) + ℐ)=⋁ apr̅̅ ̅̅̅λ((x1 γx2) + x3)x3∈I  

       ≥ ⋁ apr̅̅ ̅̅̅λ(x1γx2 + x1γx3)x3∈ℐ  because  x1γx3 ∈ ℐ 

      =  ⋁ apr̅̅ ̅̅̅λ(x1 γ(x2 + x3))x3∈I ≥ ⋁ apr̅̅ ̅̅̅λx3∈I (x2 + x3) = apr̅̅ ̅̅̅λ̅(x2 + I) and  

apr λ̃ ((x1 + ℐ) γ(x2 + ℐ)) =  apr λ̃ (x1 γx2) + ℐ)= ⋀ aprλ((x1 γx2) + x3)x3∈I  

       ≤ ⋀ aprλ (x1 γx2 + x1αx3)x3∈ℐ  because  x1 γx3 ∈ ℐ     

      = ⋀ aprλ (x1 γ(x2 + x3)x3∈ℐ )  ≤  ⋀ aprλ(x2 + x3)x3∈ℐ = apr λ̃ (x2 + ℐ)      

Similarly,  apr̅̅ ̅̅̅λ̃ ((x1 + ℐ) γ(x2 + ℐ)) ≥ apr̅̅ ̅̅̅λ̃(x1 + ℐ) and  aprλ̃ ((x1 + ℐ) γ(x2 + ℐ)) ≤ aprλ̃ (x1 + ℐ). Hence  λ̃  is a RFLI 

(resp. RFRI) of N/ ℐ. 

 

Proposition 5.3: Let ℐ be an ideal of a Γ Ring N. Then there exists a bijective mapping    between the set of all RFLI of N such 

that apr̅̅ ̅̅̅λ (0) = apr̅̅ ̅̅̅λ (u), aprλ  (0) = aprλ  (u), for all u ∈ ℐ and the set of all RFLI  λ̃  of M/ ℐ. 

 

Proof:  Let λ  be a RFLI of N. we know that  λ̃  is defined by apr̅̅ ̅̅̅λ̃   (a + ℐ) = ⋁ apr̅̅ ̅̅̅λ(a + x1)x1∈ℐ   and  aprλ̃   (a + ℐ) =

⋀ aprλ(a + x1)x1∈ℐ  is a RFLI of M/I. Since apr̅̅ ̅̅̅λ (0) = apr̅̅ ̅̅̅λ (u),  aprλ (0) = aprλ (u), for all  u ∈ ℐ, we get apr̅̅ ̅̅̅λ (a + u) ≥

{apr̅̅ ̅̅̅λ (a) ∧ apr̅̅ ̅̅̅λ (u)} = apr̅̅ ̅̅̅λ(a)  and  aprλ (a + u) ≤ {aprλ(a) ∨ aprλ (u)} = aprλ (a), Again,  apr̅̅ ̅̅̅λ (a) = apr̅̅ ̅̅̅λ (a + u − u) ≥

{apr̅̅ ̅̅̅λ (a + u) ∧ apr̅̅ ̅̅̅λ (u)} = apr̅̅ ̅̅̅λ (a + u)  and  aprλ (a) = aprλ (a + u − u) ≤ {aprλ (a + u) ∨ aprλ (u)} = aprλ (a + u). 

Hence apr̅̅ ̅̅̅λ (a + u) = apr̅̅ ̅̅̅λ (a) and aprλ (a + u) = aprλ (a), for all u ∈ ℐ, that is apr̅̅ ̅̅̅λ̃ (a + ℐ) = apr̅̅ ̅̅̅λ (a) and aprλ̃ (a + ℐ) =

aprλ(a). Therefore the correspondence λ → λ̃ is injective. Now let λ̃  be any RFLI of N/ ℐ and define a RFS λ in N by apr̅̅ ̅̅̅λ (p) =

apr̅̅ ̅̅̅λ̃ (p + ℐ) and  aprλ (p) = aprλ̃  (p + ℐ) for all p∈ N. For any  p, q ∈ N and  γ ∈ Γ,  we have apr̅̅ ̅̅̅λ (p-q) =

apr̅̅ ̅̅̅λ̃ ((p − q) + ℐ) = apr̅̅ ̅̅̅λ̅ ((p + ℐ) − (q + ℐ)) ≥ apr̅̅ ̅̅̅λ̃(p + ℐ) ∧  apr̅̅ ̅̅̅λ̃ (q + ℐ) = apr̅̅ ̅̅̅λ (p) ∧ apr̅̅ ̅̅̅λ (q), and aprλ ( p − q) =

 aprλ̃  (( p − q) + ℐ)  = aprλ̃  ((p + ℐ) − (q + ℐ))  ≤ aprλ̃  (p + ℐ) ∨ aprλ̃  (q + ℐ) = aprλ ( p) ∨ aprλ ( q)  and apr̅̅ ̅̅̅λ ( pγq) =

 apr̅̅ ̅̅̅λ̃(( pγq) + ℐ) = apr̅̅ ̅̅̅λ̃ ((p + ℐ)γ(q + ℐ)) ≥ apr̅̅ ̅̅̅λ̃(q + ℐ) = apr̅̅ ̅̅̅λ( q), aprλ ( pγq) =  aprλ̃  (( pγq) + ℐ) = aprλ̃  ((p +

ℐ)γ(q + ℐ)) ≤ aprλ̃  (q + ℐ) = aprλ (q). Thus λ is RFLI of N.  It is observed that,  apr̅̅ ̅̅̅λ ( x3) = apr̅̅ ̅̅̅λ̃ (x3 + ℐ) = apr̅̅ ̅̅̅λ̃ (ℐ) and 

aprλ (x3) = aprλ̃ (x3 + ℐ) = aprλ̃  (ℐ) for all  x3 ∈ ℐ, which shows that  apr̅̅ ̅̅̅λ (x3) = apr̅̅ ̅̅̅λ (0) and  aprλ (x3) = aprλ (0) for all 

x3 ∈ ℐ.  

 
6. Conclusions 

 

Recently, there has been a notable rise in the 

frequency of academic events focused on the subject of RS 

theory. It may be utilized to improve many current soft 

computing techniques as well as deal with new uncertain 

information systems. Several algebraic structures have been 

integral to the development of RS theory, as they allow detailed 

analysis of set-theoretic properties. Our paper investigates the 

algebraic properties of RFS in gamma rings. We demonstrated 

the notion of rough fuzzy prime and semi-prime ideals in the 

gamma ring structure and proved some related properties of the 

quotient ring. A limitation of RS is that when partitioning the 

universe of objects in an information system, RS relies on 

equivalence relations. A future study will investigate rough 

fuzzy numerous ideals of gamma near rings, gamma fields, and 

gamma near fields. This study concludes that the results can 

broaden the application area of gamma rings and encourage 

additional research on related subjects. In addition, the structure 

can be used in various engineering applications in the near 

future. 

 

List of Symbols and Abbreviations: 
 

Γ - Gamma Rings 

RS - Rough Set  

IFS - Intuitionistic Fuzzy Set 

RFS - Rough Fuzzy Set  

RFI - Rough Fuzzy Ideal 

IND (K) - Indiscernibility relation 

apr - Upper approximation 

apr - Lower approximation 

RFLI - Rough Fuzzy Left Ideal 

RFRI - Rough Fuzzy Right Ideal 

RFPI - Rough Fuzzy Prime Ideal 

RFSPI - Rough Fuzzy Semi Prime Ideal 
 

References 
 

Abdullah, S. (2014). Intuitionistic fuzzy prime ideals of BCK-

algebras. Annals of Fuzzy Mathematics and 

Informatics, 7(4), 661-668. 



D. P., & E. Devarasan / Songklanakarin J. Sci. Technol. 46 (3), 309-315, 2024  315 

Ali, M. I., Davvaz, B. & Shabir, M.  (2013). Properties of 

generalized rough sets.  Information    Sciences, 224, 

170-179. Retrieved from https://doi.org/10.1016/j. 

ins.2012.10.026 

Barnes, W. E. (1966). On the Γ-rings of Nobusawa. Pacific 

journal of Mathematics, 18(3), 411-422. doi:10. 

2140/pjm.1966.18.411 

Bonikowski, Z. (1994). Algebraic structures of rough sets. In 

W. P. Ziarko (Ed.), Rough sets, fuzzy sets and 

knowledge discovery. Workshops in computing. 

London, England: Springer.  

Davvaz, B. (2018). Rough algebraic structures corresponding 

to ring theory. In A. Mani, G., Cattaneo, & I. Duntsch 

(Eds.), Algebraic methods in general rough sets 

trends in mathematics (pp. 657-695). Cham, 

Switzerland: Birkhauser. 

Davvaz, B. (2004).  Roughness in rings. Information Sciences, 

164(1-4), 147-163. Retrieved from https://doi.org/ 

10.1016/j.ins.2003.10.001  

Dubois, D. & Prade, H. (1990). Rough fuzzy sets and fuzzy 

rough sets. International Journal of General System, 

17(2-3), 191-209. Retrieved from https://doi.org/10. 

1080/03081079008935107 

Durgadevi, P. & Ezhilmaran, D. (2022).  Discussion on rough 

fuzzy ideals in Γ-rings and its related properties. AIP 

Conference Proceedings, 2529(1). Retrieved from 

https://doi.org/10.1063/5.0103860 

Dutta, T. K. & Chanda, T.  (2007). Fuzzy prime ideals in-rings. 

Bulletin of the Malaysia Mathematical Sciences 

Society, 30(1), 65-73. 

Hemavathi, P., Muralikrishna, P., Palanivel, K., & Chinram, R. 

(2022). Conceptual interpretation of interval valued 

T-normed fuzzy β-subalgebra. Songklanakarin 

Journal of Science and Technology, 44(2). doi:10. 

14456/sjst-psu.2022.4 

Hussain, A., Mahmood, T., & Ali, M. I. (2019). Rough 

Pythagorean fuzzy ideals in semigroups. 

Computational and Applied Mathematics, 38, 1-15. 

Hussain, A., Ali, M. I., & Mahmood, T. (2019). Generalized 

roughness of (∈, ∈∨ q)-fuzzy ideals in ordered 

semigroups. Journal of New Theory, 26, 32-53. 

Jun, Y. B. & Lee, C. Y. (1992) Fuzzy Γ-rings. East Asian 

Mathematics Journal, 8(2), 163-170. 

Kazanci, O. & Davvaz, B. (2008). On the structure of rough 

prime (primary) ideals and rough fuzzy prime 

(primary) ideals in commutative rings. Information 

Sciences, 178(5), 1343-1354. Retrieved from https:// 

doi.org/10.1016/j.ins.2007.10.005 

Kumar, R. (1993). Fuzzy algebra. New Delhi, India: University 

of Delhi. 

Kyuno, S. (1978). On prime gamma rings. Pacific Journal 

of Mathematics, 75(1), 185-190. doi:10.2140/pjm. 

1978.75.185 

Lee, S. J.  & Lee, E. P. (2000). The category of intuitionistic 

fuzzy topological spaces. Bulletin-Korean 

Mathematical Society, 37(1), 63-76. 

Linesawat, K., & Lekkoksung, S. (2022). Characterizing some 

regularities of ordered semigroups by their anti-

hybrid ideals. Songklanakarin Journal of Science 

and Technology, 44(3), 767–778. Retrieved from 

https://sjst.psu.ac.th/journal/44-3/23.pdf 

Luh, J. (1969).  On the theory of simple Γ –rings. Michigan 

Mathematical Journal, 16(1), 65-75. Retrieved from 

https://doi.org/10.1307/mmj/1029000167 

Mukherjee, T. K.  & Sen, M. K.  (1987). On fuzzy ideals of a 

ring.  Fuzzy Sets and Systems, 21(1), 99-104. 

Malik, N., Shabir, M., Al-shami, T. M., Gul, R., Arar, M., & 

Hosny, M. (2023). Rough bipolar fuzzy ideals in 

semigroups. Complex and Intelligent Systems, 1-16. 

Malik, N., & Shabir, M. (2019). Rough fuzzy bipolar soft sets 

and application in decision-making problems. Soft 

Computing, 23, 1603-1614. 

Nakkhasen, W., & Pibaljommee, B. (2019). On m-bi-

hyperideals in semi hyperrings. Songlanakarin 

Journal of Science and Technology, 41(6), 1241-

1247. Retrieved from https://sjst.psu.ac.th/journal/ 

41-6/6.pdf 

Nobusawa, N. (1964). On a generalization of the ring theory. 

Osaka Journal of Mathematics, 1, 81-89. 

Ozturk, M. A., Uçkun, M. & Jun, Y. B., (2003). Fuzzy ideals in 

gamma-rings. Turkish Journal of Mathematics, 

27(3), 369-374. 

Palaniappan, N. & Ramachandran, M. (2011) Intuitionistic 

fuzzy prime ideals in Γ rings. Journal of Fuzzy 

Mathematics and Systems, 1(2), 141-153. 

Palaniappan, N., Veerappan, P. S. & Ramachandran, M. (2010) 

Characterizations of intuitionistic fuzzy ideals of Γ-

Rings. Applied Mathematical Sciences, 4(23), 1107- 

1117.         

Pawlak, Z. (1982). Rough sets. International Journal of 

Computational Science and Engineering, 11, 341-

356. Retrieved from https://doi.org/10.1007/BF0 

1001956  

Pawlak, Z. (1991). Rough sets. Theoretical aspects of 

reasoning about data. Dordrecht, The Netherlands: 

Kluwar Acedemic. 

Pushpanathan, D. & Devarasan, E. (2022) Characterizations of 

Γ rings in terms of rough fuzzy ideals. 

Symmetry, 14(8), 1705. Retrieved from https://doi. 

org/10.3390/sym14081705 

Subha, V. S. Thillaigovindan, N. & Sharmila, S. (2019) Fuzzy 

rough prime and semi-prime ideals in semigroups. 

AIP Conference Proceedings, 2177(1). Retrieved 

from https://doi.org/2010.1063/1.5135268   

Subha, V. S. & Dhanalakshmi, P. (2020), Rough 

approximations of interval rough fuzzy ideals in 

gamma-semigroups. Annals of Communications in 

Mathematics, 3, 326. 

Suebsung, S., Wattanatripop, K., & Chinram, R. (2019). A-

ideals and fuzzy A-ideals of ternary semigroups. 

Songklanakarin Journal of Science and Technology, 

41(2), 299-304. 

Yiarayong, P. (2019). On fuzzy quasi-prime ideals in near left 

almost rings. Songklanakarin Journal of Science and 

Technology, 41(2), 471-482. 

Zadeh, L. A. (1965). Fuzzy sets. Information and Control, 8(3), 

338-353. Retrieved from https://doi.org/10.1016/ 

S0019-9958(65)90241-X. 

  

  


