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Abstract: This paper introduces the concepts of pairwise τ₁τ₂ neutrosophic-open sets, pairwise τ₁τ₂ 

neutrosophic-semi-open sets, and pairwise τ₁τ₂ neutrosophic-pre-open sets in neutrosophic bitopological spaces. 

We study some of the basic properties of these sets and prove several propositions, including the fact that the 

fusion of two τ₁τ₂ neutrosophic-open sets is a pairwise τ₁τ₂ neutrosophic-open set. 
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1. Introduction 

 

eutrosophic bitopological spaces are a generalization of both topological spaces and neutrosophic sets. In 

this paper, we introduce the concepts of pairwise τ₁τ₂ neutrosophic-open sets, pairwise τ₁τ₂ neutrosophic-

semi-open sets, and pairwise τ₁τ₂ neutrosophic-pre-open sets in neutrosophic bitopological spaces. These sets are 

defined in a similar way to the corresponding sets in ordinary topology, but with the added complication of dealing 

with neutrosophic sets. 

We study some of the basic properties of pairwise τ₁τ₂ neutrosophic-open sets, pairwise τ₁τ₂ neutrosophic-semi-

open sets, and pairwise τ₁τ₂ neutrosophic-pre-open sets. We also prove several propositions, including the 

following: 

 The fusion of two τ₁τ₂ neutrosophic-open sets is a pairwise τ₁τ₂ neutrosophic-open set. 

 If A is a τ₁τ₂ neutrosophic-semi-open set (τ₁τ₂ neutrosophic-pre-open set) in a neutrosophic bitopological 

space, then A is a τ₁τ₂ neutrosophic-β-open set. 

 Every pairwise τ₁τ₂ neutrosophic-semi-open set (pairwise τ₁τ₂ neutrosophic-pre-open set) is a pairwise 

τ₁τ₂ neutrosophic-open set. 

 The fusion of any two τ₁τ₂ -PN-βO-sets is a τ₁τ₂ -PN-βO-set. 

 If A is a τ₁τ₂ neutrosophic-semi-open and τ₁τ₂ neutrosophic-p-set in a neutrosophic bitopological space, 

then A is a τ₂τ₁ neutrosophic-pre-open set. 

 If A is a τ₁τ₂ neutrosophic-semi-open and contra τ₁τ₂ neutrosophic-p-set in a neutrosophic bitopological 

space, then A is a τ₂τ₁ neutrosophic-pre-open set. 

 If A is a τ₁τ₂ neutrosophic-p-set and τ₂ τ₁ neutrosophic-q-set in a neutrosophic bitopological space, then 

A is a pairwise τ₁τ₂ neutrosophic-p-set and a pairwise τ₁τ₂ neutrosophic-q-set. 
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2. Pairwise 𝜷-open set in Neutrosophic Bitopological Spaces 

2.1. Definition 2.1.1: 

 Let X be a non-empty set. Then S, a neutrosophic set (NS in short) over X is signified as follows: 

S= { (y,T S(y),I S(y),F S(y)) : y ∈ X and T S(y),I S(y),F S(y) ∈ ]-0 ,1+[ },where T S(y),I S(y) and F S(y) are the 

degree of truthiness, indeterminacy and falseness. 

2.2. Definition 2.1.2: 

 A neutrosophic set U is expressed to be pairwise 12 neutrosophic 𝛽-open set in a neutrosophic 

bitopological space (X,𝜏1, 𝜏2)  if U=M∪N,where M is a 12 neutrosophic 𝛽 open set and N is a 21 neutrosophic 

𝛽 open set) in ( X,𝜏1, 𝜏2). 

2.3. Definition 2.1.3: 

 A neutrosophic set U is phrased to be pairwise 12 neutrosophic-semi-open set  (pairwise 12 

neutrosophic-pre-open set) in a neutrosophic bitopological space (X,𝜏1, 𝜏2)  if U=M∪N,where M is a 12 

neutrosophic semi-open set (12 neutrosophic-pre-open set ) and N is a 12 neutrosophic semi-open set (21 

neutrosophic-pre-open set) in ( X,𝜏1, 𝜏2). 

2.4. Proposition 2.1.4: 

 The fusion of two 12 neutrosophic 𝛽-open set in a neutrosophic bitopological space (X,𝜏1, 𝜏2) is afresh 

a pairwise 12 neutrosophic 𝛽-open set. 

Proof: 

If A, B be two 12 -β-open set in a neutrosophic bitopological space (X, 1, 2). Then there exists two 12 -

neutrosophic- β -open set. 

G1, G2 and two 12-neutrosophic-β-open set H1, H2 such that 𝐴 =  𝐺1𝐻1 𝑎𝑛𝑑 𝐵 =  𝐺2𝐻2.  

Later, G1, G2 are 12-neutrosophic-β-open set so 

𝐺1 ⊆ 2 − 𝑐𝑙( 1 − 𝑖𝑛𝑡(2 − 𝑐𝑙(𝐺1))). 

𝐺2 ⊆  2 − 𝑐𝑙( 1 − 𝑖𝑛𝑡(2 − 𝑐𝑙(𝐺2))). 

Since, H1, H2 are 12-neutrosophic-β-open set so  

𝐻1 ⊆  2 − 𝑐𝑙( 1 − 𝑖𝑛𝑡(2 − 𝑐𝑙(𝐻1))). 

𝐻2 ⊆  2 − 𝑐𝑙( 1 − 𝑖𝑛𝑡(2 − 𝑐𝑙(𝐻2))). 

Currently, we possess  

𝐺1 ∪  𝐺2 ⊆  2 − 𝑐𝑙( 1 − 𝑖𝑛𝑡(2 − 𝑐𝑙(𝐺1)))  2 − 𝑐𝑙( 1 − 𝑖𝑛𝑡(2 − 𝑐𝑙(𝐺2))) 

                  2 − 𝑐𝑙( 1 − 𝑖𝑛𝑡(2 − 𝑐𝑙(𝐺1))  1 − 𝑖𝑛𝑡(2 − 𝑐𝑙(𝐺2))) 
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                  2 − 𝑐𝑙( 1 − 𝑖𝑛𝑡(2 − 𝑐𝑙(𝐺1  𝐺2))) 

 𝐺1𝐺2 𝑖𝑠 𝑎 12 − 𝑛𝑒𝑢𝑡𝑟𝑜𝑠𝑜𝑝ℎ𝑖𝑐 − 𝛽 − 𝑜𝑝𝑒𝑛 𝑠𝑒𝑡.  

In Addition, we possess 

𝐻1 ∪  𝐻2 ⊆  2 − 𝑐𝑙( 1 − 𝑖𝑛𝑡(2 − 𝑐𝑙(𝐻1)))  2 − 𝑐𝑙( 1 − 𝑖𝑛𝑡(2 − 𝑐𝑙(𝐻2))) 

                 2 − 𝑐𝑙( 1 − 𝑖𝑛𝑡(2 − 𝑐𝑙(𝐻1))  1 − 𝑖𝑛𝑡(2 − 𝑐𝑙(𝐻2))) 

                  2 − 𝑐𝑙( 1 − 𝑖𝑛𝑡(2 − 𝑐𝑙(𝐻1  𝐻2))) 

 𝐻1𝐻2 𝑖𝑠 𝑎 12 − 𝑛𝑒𝑢𝑡𝑟𝑜𝑠𝑜𝑝ℎ𝑖𝑐 − 𝛽 − 𝑜𝑝𝑒𝑛 𝑠𝑒𝑡. 

Consequently, 𝐴𝐵 = (𝐺1𝐻1) (𝐺2𝐻2) 

                    =  (𝐺1𝐺2)(𝐻1𝐻2) 

                    = 𝐺𝐻. 

Accordingly, there persist a 12-neutrosophic-β-open set 𝐺 = (𝐺1𝐺2) and a 12-neutrosophic-β-open set 𝐻 =

(𝐻1𝐻2) such that𝐴𝐵 =  𝐺𝐻. 

Consequently AB is a pairwise 12-neutrosophic-β-open set.  

Thus the fusion of two 12-neutrosophic-β-open set in a neutrosophic bitopological space (X, 1, 2) is again a 

12-neutrosophic-β-open set. 

2.5. Proposition 2.1.5: 

In a NBi-T-space (X,1 ,2), if A is 12NSO-set (12-NPO-set), then P is a 12-PN- βO-set.  

Proof: 

If we consider that A is 12 -neutrosophic-semi-open set in a neutrosophic bitopological space  

(𝑋, 𝜏1, 𝜏2). As we know 

                      𝐴 ⊆  1 − 𝑐𝑙( 1 − 𝑖𝑛𝑡(𝐴)) 

Formerly we can state, 

                          𝑃 ⊆  1 − 𝑐𝑙( 1 − 𝑖𝑛𝑡(𝑃)) 

                 𝑃 ⊆ 2 − 𝑐𝑙( 1 − 𝑖𝑛𝑡(2 − 𝑐𝑙(𝑃))). 

Consequently, A is 12-neutrosophic-β-open in (X, 1, 2). Similarly, we can state that if P is 12-neutrosophic-

pre-open set in (X, 1, 2) then it is 1-neutrosophic-β-open set. 

As we know                      𝐴 ⊆  1 − 𝑐𝑙( 1 − 𝑖𝑛𝑡(𝐴)) 

Formerly we can state, 
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                      𝑃 ⊆  1 − 𝑐𝑙( 1 − 𝑖𝑛𝑡(𝑃)) 

              𝑃 ⊆ 2 − 𝑐𝑙( 1 − 𝑖𝑛𝑡(2 − 𝑐𝑙(𝑃))) 

Accordingly A is 12 - PN- βO in (X, 1, 2). 

2.6. Proposition 2.1.6: 

In a neutrosophic bitopological space (X,𝜏1, 𝜏2), every pairwise 12 neutrosophic-semi-open set(pairwise 12 

neutrosophic-pre-open set) is a pairwise 12 neutrosophic 𝛽-open set. 

 Proof: 

 Let M be a pairwise 12 -neutrosophic-semi-open set (pairwise 12 -neutrosophic-pre-open set). Then 

there persist a 12 -neutrosophic-semi-open set U (12 -neutrosophic-pre-open set U) and a 12 -neutrosophic-

semi-open set V (21neutrosophic-pre-open set V) such that M=AB. 

By Proposition 2.1.5 we can consider that there persist a 12 -neutrosophic-β-open set U and a 21 -neutrosophic-

β-open set V such that M=UV. 

Consequently, G is a pairwise 12 -neutrosophic-β-open set. 

So U be 12 -neutrosophic-β-open and V be 22 -neutrosophic-β-open set.  

Consequently, there exist a 12 -neutrosophic-β-open set U and a 21 -neutrosophic-β-open set V such that 

M=UV. 

Accordingly, M is a pairwise 12-neutrosophic-β-open set.  

Thus every pairwise 12 -neutrosophic-semi-open set (pairwise 12 -neutrosophic-pre-open set) is a pairwise 12 

-neutrosophic-β-open set. 

2.7. Proposition 2.1.7: 

Let (X,1,2) be an NBi-T-space. Then, the fusion of any two 12-PN-βO-sets is a 12-PN-βO-set 

 Proof: 

 The approach used to prove these propositions closely resembles the method employed in the proof of 

Proposition 2.1.4. 

2.8. Proposition 2.1.8: 

In a neutrosophic bitopological space (X,𝜏1, 𝜏2) 

1) If A is 12 –neutrosophic semi open and 12 –neutrosophic-p-set then A is 21 –neutrosophic pre-open 

2) If A is 21 –neutrosophic semi-open and contra 21 –neutrosophic-p-set then A is 21 –neutrosophic pre-

open 

 Proof: 
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1)  Let L and M be two pairwise 12- neutrosophic semi open in an NBi-T-space(X,1,2).  

So, one can state𝐿 = 𝐿1𝐿2 𝑎𝑛𝑑 𝑀 = 𝑀1𝑀2, where L1, M1 are 12- neutrosophic-p-sets and L2, M2 are 12- 

neutrosophic-p-set in (X,1,2). 

 Formerly, L1 and M1 are 12- neutrosophic-p-set, so 

      𝐿1 𝑁𝑐𝑙
𝑖 𝑁𝑖𝑛𝑡

𝑗
(𝐿1), and 

𝑀1𝑁𝑐𝑙
𝑖 𝑁𝑖𝑛𝑡

𝑗
 (𝑀1). 

Further, L2 and M2 are 12- neutrosophic-p-set, so  

𝐿2𝑁𝑐𝑙
𝑗

𝑁𝑖𝑛𝑡
𝑖  (𝐿2), 

𝑀2𝑁𝑐𝑙
𝑗

𝑁𝑖𝑛𝑡
𝑖  (𝑀2). 

Now,  

                            𝐿𝑀 = (𝐿1𝐿2)(𝑀1𝑀2) 

                                = (𝐿1𝑀1)(𝐿2𝑀2). 

Accordingly, 𝐿1𝑀1   𝑁𝑐𝑙
𝑖 𝑁𝑖𝑛𝑡

𝑗
(𝐿1) 𝑁𝑐𝑙

𝑖 𝑁𝑖𝑛𝑡
𝑗

 (𝑀1). 

                               =  𝑁𝑐𝑙
𝑖 (𝑁𝑖𝑛𝑡

𝑗
(𝐿1) 𝑁𝑖𝑛𝑡

𝑗
 (𝑀1)) 

                                𝑁𝑐𝑙
𝑖 𝑁𝑖𝑛𝑡

𝑗
(𝐿1  𝑀1)) 

This implies, L1M1 is a 12- neutrosophic-p-set in (X,1,2).  

Similarly, it can be established that L2M2 is a 12- neutrosophic-p-set in (X,1,2). Accordingly, LM is a 

pairwise 12- neutrosophic-p-set et in (X,1,2).  

2) Comparably, The following proof shares a similar structure and approach to the first proof 

2.7. Proposition 2.1.9: 

Let (X,𝜏1, 𝜏2) be an neutrosophic bitopological space. 

1) If A is 12 neutrosophic -p-set and 21 neutrosophic -q-set then 

𝑁_𝑐𝑙^𝑖 𝑁_𝑖𝑛𝑡^𝑗 (𝐴)   𝑁_𝑐𝑙^𝑗 𝑁_𝑖𝑛𝑡^𝑖 (𝐴) 

2) If A is contra 12 neutrosophic -p-set and contra12 neutrosophic -q-set then 

 𝑁_𝑐𝑙^𝑗 𝑁_𝑖𝑛𝑡^𝑖 (𝐴) 𝑁_𝑐𝑙^𝑖 𝑁_𝑖𝑛𝑡^𝑗 (𝐴). 
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Proof. 

The approach used to prove these propositions closely resembles the method employed in the proof of Proposition 

2.1.8. 

3. Conclusion 

In this paper, we have introduced the concepts of pairwise τ₁τ₂ neutrosophic-open sets, pairwise τ₁τ₂ 

neutrosophic-semi-open sets, and pairwise τ₁τ₂ neutrosophic-pre-open sets in neutrosophic bitopological spaces. 

We have also studied some of the basic properties of these sets and proved several propositions. Our work opens 

up a new area of research in the field of neutrosophic topology. We hope that our results will be useful to other 

researchers in this area.  
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