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Abstract: In this study we have made an attempt by introducing the notion of bipolar anti intuitionistic fuzzy graph 

and bipolar interval valued anti intuitionistic fuzzy graph. Some basic concepts such as composition, Cartesian product, 

union on bipolar anti intuitionistic fuzzy graph and bipolar interval valued anti intuitionistic fuzzy graph has been 

discussed. 
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1. INTRODUCTION 

Fuzzy set was introduced by Lofti Asker Zadeh in 1965. A Kaufmann’s initial definition of fuzzy 

graphs[5] was based on Zadeh’s fuzzy relations[11]. Attanassov [2] extended the idea of a fuzzy 

set and introduced the concept of an intuitionistic fuzzy set. Attanassov[3] also introduced the 

concept of intuitionistic fuzzy graphs and intuitionistic fuzzy relations. Shannon and Attanassov 



6746 

P. SUNITHA, P. SUNDARI 

[10]  investigated the properties of intuitionistic fuzzy relations and intuitionistic fuzzy 

graphs. Parvathi[7] also defined operations of intuitionistic fuzzy graphs. Mohammed Jabarulla 

[6] has explained the concept of anti-intuitionistic fuzzy graph. Zhang [12,13] introduced the 

concept of bipolar fuzzy set. Sunil Mathew [9] has discussed in detail about bipolar fuzzy graph 

and interval valued fuzzy graph. Asad Alnaser [1]  has explained the notions of intuitionistic 

bipolar fuzzy graph and it’s matrices. Sonia Mandal has explained the concept of product of bipolar 

anti intuitionistic fuzzy graph [8]. Using these notions we have tried to introduce the concept of 

bipolar anti intuitionistic fuzzy graph and bipolar interval valued anti intuitionistic fuzzy graph. 

 

2. PRELIMINARIES 

Definition 2.1 [4]:  

An intuitionistic fuzzy graph is of the form 𝐺 = <  𝑉, 𝐸 > where 

(i) 𝑉 = {𝑣1, 𝑣2, … . , 𝑣𝑛}  such that 𝜂1: 𝑉 → [0,1] and  𝜁1: 𝑉 → [0,1]   denote the degree of 

membership and non-membership of the element 𝑣𝑖  Є𝑉 , respectively, and 0 ≤  𝜂1 (𝑣𝑖)  +

 𝜁1 (𝑣𝑖)  ≤  1 for every 𝑣𝑖 Є𝑉, (𝑖 =  1,2, … … . 𝑛), 

(ii) 𝐸 ⊆  𝑉 𝑋 𝑉 where 𝜂2: 𝑉 𝑋 𝑉 → [0,1] and 𝜁2: 𝑉 𝑋 𝑉 → [0,1] are such that 

𝜂2(𝑣𝑖 , 𝑣𝑗)  ≤  𝑚𝑖𝑛 [𝜂1(𝑣𝑖), 𝜂1(𝑣𝑗)] 𝑎𝑛𝑑 𝜁2 (𝑣𝑖 , 𝑣𝑗)  ≤  𝑚𝑎𝑥 [𝜁1(𝑣𝑖), 𝜁1(𝑣𝑗) ] 

and 0 ≤ 𝜂2 (𝑣𝑖, 𝑣𝑗)  + 𝜁2 (𝑣𝑖, 𝑣𝑗)  ≤  1 for every (𝑣𝑖 , 𝑣𝑗) Є 𝐸, ( 𝑖, 𝑗 =  1,2, … … . 𝑛) 

Definition 2.2 [6]:  

An anti-intuitionistic fuzzy graph is of the form 𝐺 = <  𝑉, 𝐸 > where 

(i) 𝑉 = {𝑣1, 𝑣2, … . , 𝑣𝑛}  such that 𝜇1: 𝑉 → [0,1] and  𝛾1: 𝑉 → [0,1]   denote the degree of 

membership and non-membership of the element 𝑣𝑖  Є𝑉 , respectively, and 0 ≤  𝜇1 (𝑣𝑖)  +

 𝛾1 (𝑣𝑖)  ≤  1 for every 𝑣𝑖 Є𝑉, (𝑖 =  1,2, … … . 𝑛), 

(ii) 𝐸 ⊆  𝑉 𝑋 𝑉 where 𝜇2: 𝑉 𝑋 𝑉 → [0,1] and 𝛾2: 𝑉 𝑋 𝑉 → [0,1] are such that 

𝜇2(𝑣𝑖 , 𝑣𝑗)  ≥  𝑚𝑎𝑥 [𝜇1(𝑣𝑖), 𝜇1(𝑣𝑗)] 𝑎𝑛𝑑 𝛾2 (𝑣𝑖 , 𝑣𝑗)  ≥  𝑚𝑖𝑛 [𝛾1(𝑣𝑖), 𝛾1(𝑣𝑗) ] 

and 0 ≤ 𝜇2 (𝑣𝑖, 𝑣𝑗)  +  𝛾2 (𝑣𝑖, 𝑣𝑗)  ≤  1 for every (𝑣𝑖 , 𝑣𝑗) Є 𝐸, ( 𝑖, 𝑗 =  1,2, … … . 𝑛) 

Definition 2.3[8] 
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Let 𝑋 be a non-empty set. A bipolar fuzzy set 𝐵 in 𝑋 is a set of triples 𝐵 = {𝑥, 𝜂𝐵
𝑃(𝑥), 𝜂𝐵

𝑁(𝑥)) 

/𝑥 ∈ 𝑋}, where 𝜂𝐵
𝑃: 𝑋 → [0, 1] and 𝜂𝐵

𝑁 : 𝑋 → [−1, 0]. 

We often write 𝐵 = (𝜂𝐵
𝑃, 𝜂𝐵

𝑁) for the bipolar fuzzy set 𝐵 = {(𝑥, 𝜂𝐵
𝑃(𝑥), 𝜂𝐵

𝑁(𝑥))\𝑥 ∈ 𝑋}. We also 

use the notation 𝐵 = {𝑥, 𝑚+(𝑥), 𝑚−(𝑥)\𝑥 ∈ 𝑋} or 𝐵 = 𝑚+, 𝑚− for a bipolar fuzzy set.  

Definition 2.4 [8] 

Let 𝐴 = (𝑚1
+, 𝑚2

−)  and 𝐵 = (𝑚2
+, 𝑚2

−) be bipolar fuzzy sets in 𝑋. We define the bipolar fuzzy 

sets 𝐴 ∩  𝐵 and 𝐴 ∪  𝐵 as follows: for all 𝑥 ∈  𝑋, 

             (𝐴 ∩ 𝐵) = (𝜂𝐴
𝑃(𝑥) ∧ 𝜂𝐵

𝑃(𝑥), 𝜂𝐴
𝑁(𝑥) ∨ 𝜂𝐵

𝑁(𝑥)). 

               (𝐴 ∪ 𝐵) = (𝜂𝐴
𝑃(𝑥) ∨ 𝜂𝐵

𝑃(𝑥), 𝜂𝐴
𝑁(𝑥) ∧ 𝜂𝐵

𝑁(𝑥)).       

Definition 2.5 [8] 

A bipolar fuzzy graph with an underlying set 𝑉  is defined to be a pair 𝐺 =  (𝐴, 𝐵) , 

where 𝐴 = (𝜂𝐴
𝑃, 𝜂𝐴

𝑁) is a bipolar fuzzy set in 𝑉 and 𝐵 = (𝜂𝐵
𝑃, 𝜂𝐵

𝑁) is a bipolar fuzzy set in E such 

that 

          (𝜂𝐵
𝑃)(𝑥𝑦) ≤ 𝜂𝐴

𝑝(𝑥) ∧ 𝜂𝐴
𝑃(𝑦) 𝑎𝑛𝑑 (𝜂𝐵

𝑁)(𝑥𝑦) ≥ 𝜂𝐴
𝑁(𝑥) ∨ 𝜂𝐴

𝑁(𝑦) 𝑓𝑜𝑟 𝑎𝑙𝑙 𝑥 𝑦 ∈  𝐸 ,  𝜂𝑃(𝑥𝑦) =

𝜂𝐵
𝑁(𝑥𝑦) = 0  for all 𝑥𝑦 ∈ 𝜀\𝐸. 

 

3. MAIN RESULTS 

  3.1 BIPOLAR ANTI INTUITIONISTIC FUZZY GRAPH  

Definition 3.1.1  

     A bipolar anti intuitionistic fuzzy graph (BAIFG) with an underlying set 𝑉 is defined to be 

a pair𝐺 =  (𝐴, 𝐵) , where  𝐴 = (𝜂𝐴
𝑃, 𝜂𝐴

𝑁 , 𝜁𝐴
𝑃, 𝜁𝐴

𝑁)  is a bipolar anti intuitionistic fuzzy set in 𝑉 

and 𝐵 = (𝜂𝐵
𝑃, 𝜂𝐵

𝑁 , 𝜁𝐵
𝑃, 𝜁𝐵

𝑁) is a bipolar anti intuitionistic fuzzy set in E such that 

          (𝜂𝐵
𝑃)(𝑥𝑦) ≥ 𝜂𝐴

𝑝(𝑥) ∨ 𝜂𝐴
𝑃(𝑦) , (𝜁𝐵

𝑃)(𝑥𝑦) ≥ 𝜁𝐴
𝑃(𝑥) ∧ 𝜁𝐴

𝑃(𝑦)    𝑎𝑛𝑑, 

(𝜂𝐵
𝑁)(𝑥𝑦) ≤ 𝜂𝐴

𝑁(𝑥) ∧ 𝜂𝐴
𝑁(𝑦), (𝜁𝐵

𝑁)(𝑥𝑦) ≤ 𝜁𝐴
𝑁(𝑥) ∨ 𝜁𝐴

𝑁(𝑦)  𝑓𝑜𝑟 𝑎𝑙𝑙 𝑥 𝑦 ∈  𝐸 

Example 3.1.2  

Consider the BAIFG 𝐺  where 𝑉 = {𝑎, 𝑏, 𝑐} , 𝐸 = {𝑎𝑏, 𝑏𝑐, 𝑎𝑐}  such that 
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Figure 1: Bipolar anti intuitionistic fuzzy graph (BAIFG) 

 

 

             

 

 

 

 

Table 1: Bipolar anti intuitionistic fuzzy sets in  𝑉 and 𝐸 of 𝐺 

 

Definition 3.1.3 

A bipolar anti intuitionistic fuzzy graph (BAIFG) is said to be strong- bipolar anti intuitionistic 

fuzzy graph if   

                (𝜂𝐵
𝑃)(𝑥𝑦) = 𝜂𝐴

𝑝(𝑥) ∨ 𝜂𝐴
𝑃(𝑦) , (𝜁𝐵

𝑃)(𝑥𝑦) = 𝜁𝐴
𝑃(𝑥) ∧ 𝜁𝐴

𝑃(𝑦)    𝑎𝑛𝑑, 

(𝜂𝐵
𝑁)(𝑥𝑦) = 𝜂𝐴

𝑁(𝑥) ∨ 𝜂𝐴
𝑁(𝑦), (𝜁𝐵

𝑁)(𝑥𝑦) = 𝜁𝐴
𝑁(𝑥) ∧ 𝜁𝐴

𝑁(𝑦)  𝑓𝑜𝑟 𝑎𝑙𝑙 𝑥 𝑦 ∈  𝐸 

Definition 3.1.4 

A bipolar anti intuitionistic fuzzy graph is said to be complete- bipolar anti intuitionistic fuzzy 

graph if     (𝜂𝐵
𝑃)(𝑥𝑦) = 𝜂𝐴

𝑝(𝑥) ∨ 𝜂𝐴
𝑃(𝑦) , (𝜁𝐵

𝑃)(𝑥𝑦) = 𝜁𝐴
𝑃(𝑥) ∧ 𝜁𝐴

𝑃(𝑦)    𝑎𝑛𝑑 

(𝜂𝐵
𝑁)(𝑥𝑦) = 𝜂𝐴

𝑁(𝑥) ∨ 𝜂𝐴
𝑁(𝑦), (𝜁𝐵

𝑁)(𝑥𝑦) = 𝜁𝐴
𝑁(𝑥) ∧ 𝜁𝐴

𝑁(𝑦)  𝑓𝑜𝑟 𝑎𝑙𝑙 𝑥, 𝑦 ∈  𝑉 

Definition 3.1.5 

The degree of a vertex in a bipolar anti intuitionistic fuzzy graph is defined to be 

𝑑(𝑥) =  (𝑑𝜂
𝑃(𝑥), 𝑑𝜂

𝑁(𝑥), 𝑑𝜁
𝑃(𝑥), 𝑑𝜁

𝑃(𝑥)) where 

 𝒂𝒃 𝒃𝒄 𝒂𝒄 

𝜼𝑩
𝑷 0.6 0.7 0.7 

𝜼𝑩
𝑵 -0.5 -0.5 -0.5 

𝜻𝑩
𝑷 0.4 0.2 0.1 

𝜻𝑩
𝑵 -0.4 -0.4 -0.3 

 𝒂 b 𝒄 

𝜼𝑨
𝑷 0.4 0.5 0.6 

𝜼𝑨
𝑵 -0.3 -0.4 -0.5 

𝜻𝑨
𝑷 0.5 0.3 0.1 

𝜻𝑨
𝑵 -0.4 -0.3 -0.3 
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𝑑𝜂
𝑃(𝑥) = ∑ 𝜂𝑃(𝑥𝑦),

𝑥≠𝑦

 𝑑𝜂
𝑁(𝑥) = ∑ 𝜂𝑁(𝑥𝑦),

𝑥≠𝑦

 

𝑑𝜁
𝑃(𝑥) = ∑ 𝜁𝑃(𝑥𝑦),

𝑥≠𝑦

 𝑑𝜁
𝑁(𝑥) = ∑ 𝜁𝑁(𝑥𝑦)

𝑥≠𝑦

 

Definition 3.1.6  

Let  𝐴1 = (𝜂𝐴1
𝑃 , 𝜂𝐴1

𝑁 , 𝜁𝐴1
𝑃 , 𝜁𝐴1

𝑁 )  and  𝐴2 = (𝜂𝐴2
𝑃 , 𝜂𝐴2

𝑁 , 𝜁𝐴2
𝑃 , 𝜁𝐴2

𝑁 )  be bipolar anti intuitionistic 

fuzzy subsets of 𝑉1  and 𝑉2  and 𝐵1 = (𝜂𝐵1
𝑃 , 𝜂𝐵1

𝑁 , 𝜁𝐵1
𝑃 , 𝜁𝐵1

𝑁 ) and 𝐵2 = (𝜂𝐵2
𝑃 , 𝜂𝐵2

𝑁 , 𝜁𝐵2
𝑃 , 𝜁𝐵2

𝑁 )  be bipolar 

anti intuitionistic fuzzy subsets of 𝐸1 and 𝐸2 respectively. Then we denote the Cartesian product 

of two bipolar anti intuitionistic fuzzy graphs  𝐺1  and  𝐺2  of the graphs  𝐺1
∗  and  𝐺2

∗   by  𝐺1 ×

𝐺2=(𝐴1 × 𝐴2, 𝐵1 × 𝐵2) and defined by 

(i)                (𝜂𝐴1
𝑃 × 𝜂𝐴2

𝑃 )(𝑥1, 𝑥2) = 𝜂𝐴1
𝑃 (𝑥1) ∨ 𝜂𝐴2

𝑃 (𝑥2)     

               (𝜂𝐴1
𝑁 × 𝜂𝐴2

𝑁 )(𝑥1, 𝑥2) = 𝜂𝐴1
𝑁 (𝑥1) ∧ 𝜂𝐴2

𝑁 (𝑥2)    

               (𝜁𝐴1
𝑃 × 𝜁𝐴2

𝑃 )(𝑥1, 𝑥2) = 𝜁𝐴1
𝑃 (𝑥1) ∧ 𝜁𝐴2

𝑃 (𝑥2)     

               (𝜁𝐴1
𝑁 × 𝜁𝐴2

𝑁 )(𝑥1, 𝑥2) = 𝜁𝐴1
𝑁 (𝑥1) ∨ 𝜁𝐴2

𝑁 (𝑥2)for all (𝑥1, 𝑥2) ∈  𝑉 ×  𝑉.  

(ii)                          (𝜂𝐵1
𝑃 × 𝜂𝐵2

𝑃 )((𝑥, 𝑥2)(𝑥, 𝑦2)) = 𝜂𝐴1
𝑃 (𝑥) ∨ 𝜂𝐵2

𝑃 (𝑥2𝑦2)  

                       (𝜂𝐵1
𝑁 × 𝜂𝐵2

𝑁 )((𝑥, 𝑥2)(𝑥, 𝑦2)) = 𝜂𝐴1
𝑁 (𝑥) ∧ 𝜂𝐵2

𝑁 (𝑥2𝑦2) 

                       (𝜁𝐵1
𝑃 × 𝜁𝐵2

𝑃 )((𝑥, 𝑥2)(𝑥, 𝑦2)) = 𝜁𝐴1
𝑃 (𝑥) ∧ 𝜁𝐵2

𝑃 (𝑥2𝑦2) 

                 ( 𝜁𝐵1
𝑁 × 𝜁𝐵2

𝑁 )((𝑥, 𝑥2)(𝑥, 𝑦2)) = 𝜁𝐴1
𝑁 (𝑥) ∨ 𝜁𝐵2

𝑁 (𝑥2𝑦2)   

for all 𝑥 ∈ 𝑉1,  for all 𝑥2𝑦2 ∈ 𝐸2.  

(iii)               (𝜂𝐵1
𝑃 × 𝜂𝐵2

𝑃 )((𝑥1, 𝑧)(𝑦1, 𝑧)) = 𝜂𝐵1
𝑃 (𝑥1𝑦1) ∨ 𝜂𝐴2

𝑃 (𝑧)  

              ( 𝜂𝐵1×
𝑁 𝜂𝐵2

𝑁 )((𝑥1, 𝑧)(𝑦1, 𝑧)) = 𝜂𝐵1
𝑁 (𝑥1𝑦1) ∧ 𝜂𝐴2

𝑁 (𝑧)  

                      (𝜁𝐵1
𝑃 × 𝜁𝐵2

𝑃 )((𝑥1, 𝑧)(𝑦1, 𝑧)) = 𝜁𝐴2
𝑃 (𝑧) ∧ 𝜁𝐵1

𝑃 (𝑥1𝑦1) 

                ( 𝜁𝐵1
𝑁 × 𝜁𝐵2

𝑁 )((𝑥1, 𝑧)(𝑦1, 𝑧)) = 𝜁𝐴2
𝑁 (𝑧) ∨ 𝜁𝐵1

𝑁 (𝑥1𝑦1)   

for all 𝑧 ∈ 𝑉2, for all 𝑥1𝑦1 ∈ 𝐸1. 

Example 3.1.7:  Let  𝐺1  and   𝐺2   be BAIFG where 𝑉1 = {𝑎, 𝑏}  ,  𝐸1 = {𝑎𝑏}  and 𝑉2 =

{𝑐, 𝑑} , 𝐸2 = {𝑐𝑑} respectively. Then we denote the Cartesian product of two BAIFG as follows 
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    𝐺1            𝐺2              𝐺1 𝑋 𝐺2   

Figure2. Cartesian product of two BAIFG 

 

 

 

 

 

 

 

 𝒂𝒃 𝒄𝒅 (a,c)(a,d) (b,c)(b,d) (a,c)(b,c) (a,d)(b,d) 

𝜼𝑩
𝑷 0.6 0.7 0.7 0.7 0.6 0.6 

𝜼𝑩
𝑵 -0.5 -0.5 -0.5 -0.5 -0.5 -0.5 

𝜻𝑩
𝑷 0.4 0.2 0.2 0.2 0.1 0.4 

𝜻𝑩
𝑵 -0.4 -0.3 -0.3 -0.3 -0.3 -0.3 

    Table 2: Bipolar anti intuitionistic fuzzy sets in  𝑉 and 𝐸 of 𝐺1 , 𝐺2, 𝐺1 𝑋 𝐺2 

 

Proposition 3.1.8 

  If  𝐺1   and  𝐺2  are bipolar anti intuitionistic fuzzy graphs, then  𝐺1 × 𝐺2  is a bipolar anti 

intuitionistic fuzzy graph.  

Proof:    

Let 𝑥 ∈ 𝑉1 and 𝑥2𝑦2 ∈ 𝐸2 . Then  

          (𝜂𝐵1
𝑃 × 𝜂𝐵2

𝑃 )((𝑥, 𝑥2)(𝑥, 𝑦2)) = 𝜂𝐴1
𝑃 (𝑥) ∨ 𝜂𝐵2

𝑃 (𝑥2𝑦2) 

 𝒂 b c d (a,c) (a,d) (b,c) (b,d) 

𝜼𝑨
𝑷 0.4 0.5 0.6 0.3 0.6 0.4 0.6 0.5 

𝜼𝑨
𝑵 -0.3 -0.4 -0.5 -0.5 -0.5 -0.5 -0.5 -0.5 

𝜻𝑨
𝑷 0.5 0.3 0.1 0.5 0.1 0.5 0.1 0.3 

𝜻𝑨
𝑵 -0.4 -0.3 -0.3 -0.3 -0.3 -0.3 -0.3 -0.3 
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                                 ≥∨ {𝜂𝐴1
𝑃 (𝑥), 𝜂𝐴2

𝑃 (𝑥2) ∨ 𝜂𝐴2
𝑃 (𝑦2)} 

                                 =∨ {𝜂𝐴1
𝑃 (𝑥) ∨ 𝜂𝐴2

𝑃 (𝑥2)), 𝜂𝐴1
𝑃 (𝑥) ∨ 𝜂𝐴2

𝑃 (𝑦2)} 

                                 = (𝜂𝐴1
𝑃 × 𝜂𝐴2

𝑃 )(𝑥, 𝑥2) ∨ (𝜂𝐴1
𝑃 × 𝜂𝐴2

𝑃 )(𝑥, 𝑦2). 

          (𝜂𝐵1
𝑁 × 𝜂𝐵2

𝑁 )((𝑥, 𝑥2)(𝑥, 𝑦2)) = 𝜂𝐴1
𝑁 (𝑥) ∧ 𝜂𝐵2

𝑁 (𝑥2𝑦2) 

                                ≤∧ {𝜂𝐴1
𝑁 (𝑥), (𝜂𝐴2

𝑁 (𝑥2) ∧ 𝜂𝐴2
𝑁 (𝑦2)} 

                                 =∧ {𝜂𝐴1
𝑁 (𝑥) ∧ 𝜂𝐴2

𝑁 (𝑥2), 𝜂𝐴1
𝑁 (𝑥) ∧ 𝜂𝐴2

𝑁 (𝑦2)} 

                                = (𝜂𝐴1
𝑁 × 𝜂𝐴2

𝑁 )(𝑥, 𝑥2) ∧ (𝜂𝐴2
𝑁 × 𝜂𝐴1

𝑁 )(𝑥, 𝑦2).                                         

         (𝜁𝐵1
𝑃 × 𝜁𝐵2

𝑃 )((𝑥, 𝑥2)(𝑥, 𝑦2)) = 𝜁𝐴1
𝑃 (𝑥) ∧ 𝜁𝐵2

𝑃 (𝑥2𝑦2) 

                               ≥∧ {𝜁𝐴1
𝑃 (𝑥), 𝜁𝐴2

𝑃 (𝑥2) ∧ 𝜁𝐴2
𝑃 (𝑦2)} 

                               =∧ {𝜁𝐴1
𝑃 (𝑥) ∧ 𝜁𝐴2

𝑃 (𝑥2)), 𝜁𝐴1
𝑃 (𝑥) ∧ 𝜁𝐴2

𝑃 (𝑦2)} 

                               = (𝜁𝐴1
𝑃 × 𝜁𝐴2

𝑃 )(𝑥, 𝑥2) ∧ (𝜁𝐴1
𝑃 × 𝜁𝐴2

𝑃 )(𝑥, 𝑦2). 

          (𝜁𝐵1
𝑁 × 𝜁𝐵2

𝑁 )((𝑥, 𝑥2)(𝑥, 𝑦2)) = 𝜁𝐴1
𝑁 (𝑥) ∨ 𝜁𝐵2

𝑁 (𝑥2𝑦2) 

                                ≤∨ {𝜁𝐴1
𝑁 (𝑥), (𝜁𝐴2

𝑁 (𝑥2) ∨ 𝜁𝐴2
𝑁 (𝑦2)} 

                                 =∨ {𝜁𝐴1
𝑁 (𝑥) ∨ 𝜁𝐴2

𝑁 (𝑥2), 𝜁𝐴1
𝑁 (𝑥) ∨ 𝜁𝐴2

𝑁 (𝑦2)} 

                                = (𝜁𝐴1
𝑁 × 𝜁𝐴2

𝑁 )(𝑥, 𝑥2) ∨ (𝜁𝐴2
𝑁 × 𝜁𝐴1

𝑁 )(𝑥, 𝑦2). 

     Let 𝑧 ∈ 𝑉2,𝑎𝑛𝑑 𝑥1𝑦1 ∈ 𝐸1. Thus 

              (𝜂𝐵1
𝑃 × 𝜂𝐵2

𝑃 )((𝑥1, 𝑧)(𝑦1, 𝑧) = 𝜂𝐵1
𝑃 (𝑥1𝑦1) ∨ 𝜂𝐴2

𝑃 (𝑧) 

                                    ≥ ∨ {(𝜂𝐴1
𝑃 (𝑥1) ∨ 𝜂𝐴1

𝑃 (𝑦1)), 𝜂𝐴2
𝑃 (𝑧)} 

                                    = ∨ {𝜂𝐴1
𝑃 (𝑥1) ∨ 𝜂𝐴2

𝑃 (𝑧), 𝜂𝐴1
𝑃 (𝑦1) ∨ 𝜂𝐴2

𝑃 (𝑧)} 

                                    = (𝜂𝐴1
𝑃 × 𝜂𝐴2

𝑃 )(𝑥1, 𝑧) ∨ (𝜂𝐴1
𝑃 × 𝜂𝐴2

𝑃 (𝑦1, 𝑧)) 

           (𝜂𝐵1
𝑁 × 𝜂𝐵2

𝑁 )((𝑥1, 𝑧)(𝑦1, 𝑧)) = 𝜂𝐵1
𝑁 (𝑥1𝑦1) ∧ 𝜂𝐴2

𝑁 (𝑧) 

                                  ≤∧ {𝜂𝐴1
𝑁 (𝑥1) ∧ 𝜂𝐴1

𝑁 (𝑦1), 𝜂𝐴2
𝑁 (𝑧)} 

                                  =∧ {𝜂𝐴1
𝑁 (𝑥1) ∧ 𝜂𝐴2

𝑁 (𝑧), 𝜂𝐴1
𝑁 (𝑦1) ∧ 𝜂𝐴2

𝑁 (𝑧)} 

                                  = (𝜂𝐴1
𝑁 × 𝜂𝐴2

𝑁 )(𝑥1, 𝑧) ∧ (𝜂𝐴1
𝑁 × 𝜂𝐴2

𝑁 )(𝑦1, 𝑧). 

            (𝜁𝐵1
𝑃 × 𝜁𝐵2

𝑃 )((𝑥1, 𝑧)(𝑦1, 𝑧) = 𝜁𝐵1
𝑃 (𝑥1𝑦1) ∧ 𝜁𝐴2

𝑃 (𝑧) 
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                                  ≥ ∧ {(𝜁𝐴1
𝑃 (𝑥1) ∧ 𝜁𝐴1

𝑃 (𝑦1)), 𝜁𝐴2
𝑃 (𝑧)} 

                                  = ∧ {𝜁𝐴1
𝑃 (𝑥1) ∧ 𝜁𝐴2

𝑃 (𝑧), 𝜁𝐴1
𝑃 (𝑦1) ∧ 𝜁𝐴2

𝑃 (𝑧)} 

                                  = (𝜁𝐴1
𝑃 × 𝜁𝐴2

𝑃 )(𝑥1, 𝑧) ∧ (𝜁𝐴1
𝑃 × 𝜁𝐴2

𝑃 (𝑦1, 𝑧)) 

           (𝜁𝐵1
𝑁 × 𝜁𝐵2

𝑁 )((𝑥1, 𝑧)(𝑦1, 𝑧)) = 𝜁𝐵1
𝑁 (𝑥1𝑦1) ∨ 𝜁𝐴2

𝑁 (𝑧) 

                                  ≤∨ {𝜁𝐴1
𝑁 (𝑥1) ∨ 𝜁𝐴1

𝑁 (𝑦1), 𝜁𝐴2
𝑁 (𝑧)} 

                                 =∨ {𝜁𝐴1
𝑁 (𝑥1) ∨ 𝜁𝐴2

𝑁 (𝑧), 𝜁𝐴1
𝑁 (𝑦1) ∨ 𝜁𝐴2

𝑁 (𝑧)} 

                                 = (𝜁𝐴1
𝑁 × 𝜁𝐴2

𝑁 )(𝑥1, 𝑧) ∨ (𝜁𝐴1
𝑁 × 𝜁𝐴2

𝑁 )(𝑦1, 𝑧). 

Let 𝐸 = {(𝑥, 𝑥2)(𝑥, 𝑦2)\𝑥 ∈ 𝑉1, 𝑥2𝑦2 ∈ 𝐸2} ∪ {(𝑥1, 𝑧)(𝑦1, 𝑧)\𝑧 ∈ 𝑉2, 𝑥1𝑦1 ∈ 𝐸1} and  

  Let 𝐸(0) = 𝐸 ∪ (𝑥1, 𝑥2)(𝑦1, 𝑦2)\𝑥1𝑦1 ∈ 𝐸1 and 𝑥2, 𝑦2 ∈ 𝑉2, 𝑥2 ≠ 𝑦2}. 

Definition 3.1.9 

Let  𝐴1 = (𝜂𝐴1
𝑃 , 𝜂𝐴1

𝑁 , 𝜁𝐴1
𝑃 , 𝜁𝐴1

𝑁 )  and  𝐴2 = (𝜂𝐴2
𝑃 , 𝜂𝐴2

𝑁 , 𝜁𝐴2
𝑃 , 𝜁𝐴2

𝑁 ) be bipolar anti intuitionistic 

fuzzy subsets of 𝑉1  and 𝑉2  and 𝐵1 = (𝜂𝐵1
𝑃 , 𝜂𝐵1

𝑁 , 𝜁𝐵1
𝑃 , 𝜁𝐵1

𝑁 ) and 𝐵2 = (𝜂𝐵2
𝑃 , 𝜂𝐵2

𝑁 , 𝜁𝐵2
𝑃 , 𝜁𝐵2

𝑁 )  be bipolar 

anti intuitionistic fuzzy subsets of 𝐸1 and 𝐸2 respectively. The composition of two bipolar anti 

intuitionistic fuzzy graphs  𝐺1  and  𝐺2  of the graphs  𝐺1
∗  and  𝐺2

∗   denoted by  𝐺1[𝐺2] = (𝐴1 ∘

𝐴2, 𝐵1 ∘ 𝐵2) is defined by 

   (i)          (𝜂𝐴1
𝑃 ∘ 𝜂𝐴2

𝑃 )(𝑥1, 𝑥2) = 𝜂𝐴1
𝑃 (𝑥1) ∨ 𝜂𝐴2

𝑃 (𝑥2)     

         (𝜂𝐴1
𝑁 ∘ 𝜂𝐴2

𝑁 )(𝑥1, 𝑥2) = 𝜂𝐴1
𝑁 (𝑥1) ∧ 𝜂𝐴2

𝑁 (𝑥2)    

         (𝜁𝐴1
𝑃 ∘ 𝜁𝐴2

𝑃 )(𝑥1, 𝑥2) = 𝜁𝐴1
𝑃 (𝑥1) ∧ 𝜁𝐴2

𝑃 (𝑥2)     

         (𝜁𝐴1
𝑁 ∘ 𝜁𝐴2

𝑁 )(𝑥1, 𝑥2) = 𝜁𝐴1
𝑁 (𝑥1) ∨ 𝜁𝐴2

𝑁 (𝑥2)for all (𝑥1, 𝑥2) ∈  𝑉 ×  𝑉. 

   (ii)             (𝜂𝐵1
𝑃 ∘ 𝜂𝐵2

𝑃 )((𝑥, 𝑥2)(𝑥, 𝑦2)) = 𝜂𝐴1
𝑃 (𝑥) ∨ 𝜂𝐵2

𝑃 (𝑥2𝑦2)  

                  (𝜂𝐵1
𝑁 ∘ 𝜂𝐵2

𝑁 )((𝑥, 𝑥2)(𝑥, 𝑦2)) = 𝜂𝐴1
𝑁 (𝑥) ∧ 𝜂𝐵2

𝑁 (𝑥2𝑦2) 

                 (𝜁𝐵1
𝑃 ∘ 𝜁𝐵2

𝑃 )((𝑥, 𝑥2)(𝑥, 𝑦2)) = 𝜁𝐴1
𝑃 (𝑥) ∧ 𝜁𝐵2

𝑃 (𝑥2𝑦2) 

                    ( 𝜁𝐵1
𝑁 ∘ 𝜁𝐵2

𝑁 )((𝑥, 𝑥2)(𝑥, 𝑦2)) = 𝜁𝐴1
𝑁 (𝑥) ∨ 𝜁𝐵2

𝑁 (𝑥2𝑦2)   

for all 𝑥 ∈ 𝑉1,  for all 𝑥2𝑦2 ∈ 𝐸2.  

 (iii)         (𝜂𝐵1
𝑃 ∘ 𝜂𝐵2

𝑃 )((𝑥1, 𝑧)(𝑦1, 𝑧)) = 𝜂𝐵1
𝑃 (𝑥1𝑦1) ∨ 𝜂𝐴2

𝑃 (𝑧)  



6753 

OPERATIONS ON BIPOLAR INTERVALVALUED ANTI INTUITIONISTIC FUZZY GRAPH 

       ( 𝜂𝐵1 
𝑁 ∘ 𝜂𝐵2

𝑁 )((𝑥1, 𝑧)(𝑦1, 𝑧)) = 𝜂𝐵1
𝑁 (𝑥1𝑦1) ∧ 𝜂𝐴2

𝑁 (𝑧)  

               (𝜁𝐵1
𝑃 ∘ 𝜁𝐵2

𝑃 )((𝑥1, 𝑧)(𝑦1, 𝑧)) = 𝜁𝐴2
𝑃 (𝑧) ∧ 𝜁𝐵1

𝑃 (𝑥1𝑦1) 

       ( 𝜁𝐵1
𝑁 ∘ 𝜁𝐵2

𝑁 )((𝑥1, 𝑧)(𝑦1, 𝑧)) = 𝜁𝐴2
𝑁 (𝑧) ∨ 𝜁𝐵1

𝑁 (𝑥1𝑦1)   

for all 𝑧 ∈ 𝑉2, for all 𝑥1𝑦1 ∈ 𝐸1. 

(iv) (𝜂𝐵1
𝑃 ∘ 𝜂𝐵2

𝑃 )((𝑥1, 𝑥2)(𝑦1𝑦2)) =∨ {𝜂𝐴2
𝑃 (𝑥2), 𝜂𝐴2

𝑃 (𝑦2), 𝜂𝐵1
𝑃 (𝑥1𝑦1)}       

     (𝜂𝐵1
𝑁 ∘ 𝜂𝐵2

𝑁 )((𝑥1, 𝑥2)(𝑦1, 𝑦2)) =∧ {𝜂𝐴2
𝑁 (𝑥2), 𝜂𝐴2

𝑁 (𝑦2), 𝜂𝐵1
𝑁 (𝑥1𝑦1)}  

(𝜁𝐵1
𝑃 ∘ 𝜁𝐵2

𝑃 )((𝑥1, 𝑥2)(𝑦1𝑦2)) = ∧ {𝜁𝐴2
𝑃 (𝑥2), 𝜁𝐴2

𝑃 (𝑦2), 𝜁𝐵1
𝑃 (𝑥1𝑦1)}       

     (𝜁𝐵1
𝑁 ∘ 𝜁𝐵2

𝑁 )((𝑥1, 𝑥2)(𝑦1, 𝑦2)) =∨ {𝜁𝐴2
𝑁 (𝑥2), 𝜁𝐴2

𝑁 (𝑦2), 𝜁𝐵1
𝑁 (𝑥1𝑦1)}  

for all (𝑥1, 𝑥2)(𝑦1𝑦2) ∈ 𝐸0\𝐸.  

Example 3.1.10: Let  𝐺1  and   𝐺2   be BAIFG where 𝑉1 = {𝑎, 𝑏}  ,  𝐸1 = {𝑎𝑏}  and 𝑉2 =

{𝑐, 𝑑} , 𝐸2 = {𝑐𝑑} respectively. Then we denote the Composition of two BAIFG as follows 

                                                              

        𝐺1                𝐺2                         𝐺1[𝐺2]   

Figure 3. Composition of two BAIFG 

 

 

 

 

 

 

 

 𝒂 𝒃 𝒄 𝒅 (a,c) (a,d) (b,c) (b,d) 

𝜼𝑨
𝑷 0.4 0.5 0.6 0.3 0.6 0.4 0.6 0.5 

𝜼𝑨
𝑵 -0.3 -0.4 -0.5 -0.5 -0.5 -0.5 -0.5 -0.5 

𝜻𝑨
𝑷 0.5 0.3 0.1 0.5 0.1 0.5 0.1 0.3 

𝜻𝑨
𝑵 -0.4 -0.3 -0.3 -0.3 -0.3 -0.3 -0.3 -0.3 
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 𝒂𝒃 𝒄𝒅 (a,c)(a,d) (b,c)(b,d) (a,c)(b,c) (a,d)(b,d) (a,c)(b,d) (a,d)(b,c) 

𝜼𝑩
𝑷 0.6 0.7 0.7 0.7 0.6 0.6 0.6 0.6 

𝜼𝑩
𝑵 -0.5 -0.5 -0.5 -0.5 -0.5 -0.5 -0.5 -0.5 

𝜻𝑩
𝑷 0.4 0.2 0.2 0.2 0.1 0.4 0.1 0.1 

𝜻𝑩
𝑵 -0.4 -0.3 -0.3 -0.3 -0.3 -0.3 -0.3 -0.3 

    Table 3: Bipolar anti intuitionistic fuzzy sets in  𝑉 and 𝐸 of 𝐺1 , 𝐺2, 𝐺1[𝐺2] 

Proposition 3.1.11  

If 𝐺1   and 𝐺2 are bipolar anti intuitionistic fuzzy graphs, then 𝐺1[𝐺2]  is a bipolar anti 

intuitionistic fuzzy graph. 

Proof:  Let 𝑥 ∈ 𝑉1 and 𝑥2𝑦2 ∈ 𝐸2. Then 

                 (𝜂𝐵1
𝑝 ∘ 𝜂𝐵2

𝑝 )(𝑥, 𝑥2)(𝑥, 𝑦2) = 𝜂𝐴1
𝑃 (𝑥) ∨ 𝜂𝐵2

𝑃 (𝑥2𝑦2) 

                                    ≥ ∨ {𝜂𝐴1
𝑃 (𝑥), 𝜂𝐴2

𝑃 (𝑥2) ∨ 𝜂𝐴2
𝑃 (𝑦2)} 

                                    = ∨ 𝜂𝐴1
𝑃 (𝑥) ∨ 𝜂𝐴2

𝑃 (𝑥2), 𝜂𝐴1
𝑃 (𝑥) ∨ 𝜂𝐴2

𝑃 (𝑦2)} 

                                    = (𝜂𝐴1
𝑃 ∘ 𝜂𝐴2

𝑃 )(𝑥, 𝑥2) ∨ (𝜂𝐴1
𝑃 ∘ 𝜂𝐴2

𝑃 (𝑥, 𝑦2)), 

(𝜂𝐵1
𝑁 ∘ 𝜂𝐵2

𝑁 )((𝑥, 𝑥2)(𝑥, 𝑦2)) = 𝜂𝐴1
𝑁 (𝑥) ∧ 𝜂𝐵2

𝑁 (𝑥2𝑦2) 

                                       ≤ ∧ {𝜂𝐴1
𝑁 (𝑥), 𝜂𝐴2

𝑁 (𝑥2) ∧ 𝜂𝐴2
𝑁 (𝑦2)} 

                                       = ∧ {𝜂𝐴1
𝑁 (𝑥) ∧ 𝜂𝐴2

𝑁 (𝑥2), 𝜂𝐴1
𝑁 (𝑥) ∧ 𝜂𝐴2

𝑁 (𝑦2)} 

                                       = (𝜂𝐴1
𝑁 ∘ 𝜂𝐴2

𝑁 )(𝑥, 𝑥2) ∧ (𝜂𝐴1
𝑁 ∘ 𝜂𝐴2

𝑁 )(𝑥, 𝑦2). 

                 (𝜁𝐵1
𝑃 ∘ 𝜁𝐵2

𝑃 )((𝑥, 𝑥2)(𝑥, 𝑦2)) = 𝜁𝐴1
𝑃 (𝑥) ∧ 𝜁𝐵2

𝑃 (𝑥2𝑦2) 

                                      ≥∧ {𝜁𝐴1
𝑃 (𝑥), 𝜁𝐴2

𝑃 (𝑥2) ∧ 𝜁𝐴2
𝑃 (𝑦2)} 

                                      =∧ {𝜁𝐴1
𝑃 (𝑥) ∧ 𝜁𝐴2

𝑃 (𝑥2)), 𝜁𝐴1
𝑃 (𝑥) ∧ 𝜁𝐴2

𝑃 (𝑦2)} 

                                      = (𝜁𝐴1
𝑃 ∘ 𝜁𝐴2

𝑃 )(𝑥, 𝑥2) ∧ (𝜁𝐴1
𝑃 ∘ 𝜁𝐴2

𝑃 )(𝑥, 𝑦2). 

                 (𝜁𝐵1
𝑁 ∘ 𝜁𝐵2

𝑁 )((𝑥, 𝑥2)(𝑥, 𝑦2)) = 𝜁𝐴1
𝑁 (𝑥) ∨ 𝜁𝐵2

𝑁 (𝑥2𝑦2) 

                                      ≤∨ {𝜁𝐴1
𝑁 (𝑥), (𝜁𝐴2

𝑁 (𝑥2) ∨ 𝜁𝐴2
𝑁 (𝑦2)} 

                                       =∨ {𝜁𝐴1
𝑁 (𝑥) ∨ 𝜁𝐴2

𝑁 (𝑥2), 𝜁𝐴1
𝑁 (𝑥) ∨ 𝜁𝐴2

𝑁 (𝑦2)} 

                                      = (𝜁𝐴1
𝑁 ∘ 𝜁𝐴2

𝑁 )(𝑥, 𝑥2) ∨ (𝜁𝐴2
𝑁 ∘ 𝜁𝐴1

𝑁 )(𝑥, 𝑦2). 
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     Let 𝑧 ∈ 𝑉2,𝑎𝑛𝑑 𝑥1𝑦1 ∈ 𝐸1. Thus 

              (𝜂𝐵1
𝑃 ∘ 𝜂𝐵2

𝑃 )((𝑥1, 𝑧)(𝑦1, 𝑧) = 𝜂𝐵1
𝑃 (𝑥1𝑦1) ∨ 𝜂𝐴2

𝑃 (𝑧) 

                                   ≥ ∨ {(𝜂𝐴1
𝑃 (𝑥1) ∨ 𝜂𝐴1

𝑃 (𝑦1)), 𝜂𝐴2
𝑃 (𝑧)} 

                                   = ∨ {𝜂𝐴1
𝑃 (𝑥1) ∨ 𝜂𝐴2

𝑃 (𝑧), 𝜂𝐴1
𝑃 (𝑦1) ∨ 𝜂𝐴2

𝑃 (𝑧)} 

                                   = (𝜂𝐴1
𝑃 ∘ 𝜂𝐴2

𝑃 )(𝑥1, 𝑧) ∨ (𝜂𝐴1
𝑃 ∘ 𝜂𝐴2

𝑃 (𝑦1, 𝑧)) 

           (𝜂𝐵1
𝑁 ∘ 𝜂𝐵2

𝑁 )((𝑥1, 𝑧)(𝑦1, 𝑧)) = 𝜂𝐵1
𝑁 (𝑥1𝑦1) ∧ 𝜂𝐴2

𝑁 (𝑧) 

                                  ≤∧ {𝜂𝐴1
𝑁 (𝑥1) ∧ 𝜂𝐴1

𝑁 (𝑦1), 𝜂𝐴2
𝑁 (𝑧)} 

                                 =∧ {𝜂𝐴1
𝑁 (𝑥1) ∧ 𝜂𝐴2

𝑁 (𝑧), 𝜂𝐴1
𝑁 (𝑦1) ∧ 𝜂𝐴2

𝑁 (𝑧)} 

                                 = (𝜂𝐴1
𝑁 ∘ 𝜂𝐴2

𝑁 )(𝑥1, 𝑧) ∧ (𝜂𝐴1
𝑁 ∘ 𝜂𝐴2

𝑁 )(𝑦1, 𝑧). 

          (𝜁𝐵1
𝑃 ∘ 𝜁𝐵2

𝑃 )((𝑥1, 𝑧)(𝑦1, 𝑧) = 𝜁𝐵1
𝑃 (𝑥1𝑦1) ∧ 𝜁𝐴2

𝑃 (𝑧) 

                               ≥ ∧ {(𝜁𝐴1
𝑃 (𝑥1) ∧ 𝜁𝐴1

𝑃 (𝑦1)), 𝜁𝐴2
𝑃 (𝑧)} 

                               = ∧ {𝜁𝐴1
𝑃 (𝑥1) ∧ 𝜁𝐴2

𝑃 (𝑧), 𝜁𝐴1
𝑃 (𝑦1) ∧ 𝜁𝐴2

𝑃 (𝑧)} 

                               = (𝜁𝐴1
𝑃 ∘ 𝜁𝐴2

𝑃 )(𝑥1, 𝑧) ∧ (𝜁𝐴1
𝑃 ∘ 𝜁𝐴2

𝑃 (𝑦1, 𝑧)) 

           (𝜁𝐵1
𝑁 ∘ 𝜁𝐵2

𝑁 )((𝑥1, 𝑧)(𝑦1, 𝑧)) = 𝜁𝐵1
𝑁 (𝑥1𝑦1) ∨ 𝜁𝐴2

𝑁 (𝑧) 

                                 ≤∨ {𝜁𝐴1
𝑁 (𝑥1) ∨ 𝜁𝐴1

𝑁 (𝑦1), 𝜁𝐴2
𝑁 (𝑧)} 

                                =∨ {𝜁𝐴1
𝑁 (𝑥1) ∨ 𝜁𝐴2

𝑁 (𝑧), 𝜁𝐴1
𝑁 (𝑦1) ∨ 𝜁𝐴2

𝑁 (𝑧)} 

                                = (𝜁𝐴1
𝑁 ∘ 𝜁𝐴2

𝑁 )(𝑥1, 𝑧) ∨ (𝜁𝐴1
𝑁 ∘ 𝜁𝐴2

𝑁 )(𝑦1, 𝑧). 

Let (𝑥1, 𝑥2)(𝑦1, 𝑦2) ∈ 𝐸(0)\𝐸. Then 𝑥1𝑦1 ∈ 𝐸1, 𝑥2 ≠ 𝑦2.Thus, 

          (𝜂𝐵1
𝑝

∘ 𝜂𝐵2
𝑝

)((𝑥1, 𝑥2)(𝑦1, 𝑦2)) =∨ {𝜂𝐴2
𝑃 (𝑥2). 𝜂𝐴2

𝑃 (𝑦2), 𝜂𝐵2
𝑃 (𝑥1𝑦1)} 

                               ≥ ∨ {𝜂𝐴2
𝑃 (𝑥2), 𝜂𝐴2

𝑃 (𝑦2), 𝜂𝐴1
𝑃 (𝑥1) ∨ 𝜂𝐴1

𝑃 (𝑦1)}  

                              = ∨ {𝜂𝐴1
𝑃 (𝑥1) ∨ 𝜂𝐴2

𝑃 (𝑥2), 𝜂𝐴1
𝑃 (𝑦1) ∨ 𝜂𝐴2

𝑃 (𝑦2)} 

                            = (𝜂𝐴1
𝑃 ∘ 𝜂𝐴2

𝑃 )(𝑥1, 𝑥2) ∨ (𝜂𝐴1
𝑃 ∘ 𝜂𝐴2

𝑃 )(𝑦1, 𝑦2) 

 (𝜂𝐵1
𝑁 ∘ 𝜂𝐵2

𝑁 )((𝑥1, 𝑥2)(𝑦1, 𝑦2)) =∧ {𝜂𝐴2
𝑁 (𝑥2). 𝜂𝐴2

𝑁 (𝑦2), 𝜂𝐵2
𝑁 (𝑥1𝑦1)} 

                               ≤ ∧ {𝜂𝐴2
𝑁 (𝑥2), 𝜂𝐴2

𝑁 (𝑦2), 𝜂𝐴1
𝑁 (𝑥1) ∧ 𝜂𝐴1

𝑁 (𝑦1)}  

                              = ∧ {𝜂𝐴1
𝑁 (𝑥1) ∧ 𝜂𝐴2

𝑁 (𝑥2), 𝜂𝐴1
𝑁 (𝑦1) ∧ 𝜂𝐴2

𝑁 (𝑦2)} 
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                           = (𝜂𝐴1
𝑁 ∘ 𝜂𝐴2

𝑁 )(𝑥1, 𝑥2) ∧ (𝜂𝐴1
𝑁 ∘ 𝜂𝐴2

𝑁 )(𝑦1, 𝑦2) 

 (𝜁𝐵1
𝑝 ∘ 𝜁𝐵2

𝑝 )((𝑥1, 𝑥2)(𝑦1, 𝑦2)) =∧ {𝜁𝐴2
𝑃 (𝑥2). 𝜁𝐴2

𝑃 (𝑦2), 𝜁𝐵2
𝑃 (𝑥1𝑦1)} 

                              ≥   ∧ {𝜁𝐴2
𝑃 (𝑥2), 𝜁𝐴2

𝑃 (𝑦2), 𝜁𝐴1
𝑃 (𝑥1) ∧ 𝜁𝐴1

𝑃 (𝑦1)}  

                            = ∧ {𝜁𝐴1
𝑃 (𝑥1) ∧ 𝜁𝐴2

𝑃 (𝑥2), 𝜁𝐴1
𝑃 (𝑦1) ∧ 𝜁𝐴2

𝑃 (𝑦2)} 

                            = (𝜁𝐴1
𝑃 ∘ 𝜁𝐴2

𝑃 )(𝑥1, 𝑥2) ∧ (𝜁𝐴1
𝑃 ∘ 𝜁𝐴2

𝑃 )(𝑦1, 𝑦2) 

 (𝜁𝐵1
𝑁 ∘ 𝜁𝐵2

𝑁 )((𝑥1, 𝑥2)(𝑦1, 𝑦2)) =∨ {𝜁𝐴2
𝑁 (𝑥2). 𝜁𝐴2

𝑁 (𝑦2), 𝜁𝐵2
𝑁 (𝑥1𝑦1)} 

                               ≤ ∨ {𝜁𝐴2
𝑁 (𝑥2), 𝜁𝐴2

𝑁 (𝑦2), 𝜁𝐴1
𝑁 (𝑥1) ∨ 𝜁𝐴1

𝑁 (𝑦1)}  

                             = ∨ {𝜁𝐴1
𝑁 (𝑥1) ∨ 𝜁𝐴2

𝑁 (𝑥2), 𝜁𝐴1
𝑁 (𝑦1) ∨ 𝜁𝐴2

𝑁 (𝑦2)} 

                            = (𝜁𝐴1
𝑁 ∘ 𝜁𝐴2

𝑁 )(𝑥1, 𝑥2) ∨ (𝜁𝐴1
𝑁 ∘ 𝜁𝐴2

𝑁 )(𝑦1, 𝑦2) 

Definition 3.1.12 

Let  𝐴1 = (𝜂𝐴1
𝑃 , 𝜂𝐴1

𝑁 , 𝜁𝐴1
𝑃 , 𝜁𝐴1

𝑁 )  and  𝐴2 = (𝜂𝐴2
𝑃 , 𝜂𝐴2

𝑁 , 𝜁𝐴2
𝑃 , 𝜁𝐴2

𝑁 ) be bipolar anti intuitionistic 

fuzzy subsets of 𝑉1  and 𝑉2  and 𝐵1 = (𝜂𝐵1
𝑃 , 𝜂𝐵1

𝑁 , 𝜁𝐵1
𝑃 , 𝜁𝐵1

𝑁 ) and 𝐵2 = (𝜂𝐵2
𝑃 , 𝜂𝐵2

𝑁 , 𝜁𝐵2
𝑃 , 𝜁𝐵2

𝑁 )  be bipolar 

anti intuitionistic fuzzy subsets of 𝐸1  and 𝐸2  respectively. Then we denote the union of two 

bipolar anti intuitionistic fuzzy graphs 𝐺1 and 𝐺2 of the graphs 𝐺1
∗ and 𝐺2

∗ by 𝐺1 ∪ 𝐺2 = (𝐴1 ∪

𝐴2, 𝐵1 ∪ 𝐵2) and defined as follows: 

                      (𝜂𝐴1
𝑃 ∪ 𝜂𝐴2

𝑃 )(𝑥) = {  

𝜂𝐴1
𝑃 (𝑥)                       𝑖𝑓 𝑥 ∈ 𝑉1 ∩ 𝑉̅2

𝜂𝐴2
𝑃 (𝑥)                       𝑖𝑓 𝑥 ∈  𝑉2 ∩ 𝑉̅1

𝜂𝐴1
𝑃 (𝑥) ∧ 𝜂𝐴2

𝑃 (𝑥)     𝑖𝑓 𝑥 ∈ 𝑉1 ∩ 𝑉2  

 

                                 (𝜂𝐴1
𝑁 ∪ 𝜂𝐴2

𝑁 )(𝑥) = { 

𝜂𝐴1
𝑁 (𝑥)                       𝑖𝑓 𝑥 ∈ 𝑉1 ∩ 𝑉̅2

𝜂𝐴2
𝑁 (𝑥)                       𝑖𝑓 𝑥 ∈ 𝑉2 ∩ 𝑉̅1 

𝜂𝐴1
𝑁 (𝑥) ∨ 𝜂𝐴2

𝑁 (𝑥)      𝑖𝑓 𝑥 ∈ 𝑉1 ∩ 𝑉2 

     

                       (𝜁𝐴1
𝑃 ∪ 𝜁𝐴2

𝑃 )(𝑥) = {  

𝜁𝐴1
𝑃 (𝑥)                       𝑖𝑓 𝑥 ∈ 𝑉1 ∩ 𝑉̅2

𝜁𝐴2
𝑃 (𝑥)                      𝑖𝑓 𝑥 ∈  𝑉2 ∩ 𝑉̅1

𝜁𝐴1
𝑃 (𝑥) ∨ 𝜁𝐴2

𝑃 (𝑥)     𝑖𝑓 𝑥 ∈ 𝑉1 ∩ 𝑉2  

                               

                       (𝜁𝐴1
𝑁 ∪ 𝜁𝐴2

𝑁 )(𝑥) = { 

𝜁𝐴1
𝑁 (𝑥)                       𝑖𝑓 𝑥 ∈ 𝑉1 ∩ 𝑉̅2

𝜁𝐴2
𝑁 (𝑥)                       𝑖𝑓 𝑥 ∈ 𝑉2 ∩ 𝑉̅1 

𝜁𝐴1
𝑁 (𝑥) ∧ 𝜁𝐴2

𝑁 (𝑥)      𝑖𝑓 𝑥 ∈ 𝑉1 ∩ 𝑉2 
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                         (𝜂𝐵1
𝑃 ∪ 𝜂𝐵2

𝑃 )(𝑥𝑦) = { 

𝜂𝐵1
𝑃 (𝑥𝑦)                     𝑖𝑓 𝑥𝑦 ∈ 𝐸1 ∩ 𝐸̅2   

𝜂𝐵2
𝑃 (𝑥𝑦)                     𝑖𝑓 𝑥𝑦 ∈ 𝐸2 ∩ 𝐸̅1   

𝜂𝐵1
𝑃 (𝑥𝑦) ∧ 𝜂𝐵2

𝑃 (𝑥𝑦) 𝑖𝑓 𝑥𝑦 ∈ 𝐸1 ∩ 𝐸2   

 

                      (𝜂𝐵1
𝑁 ∪ 𝜂𝐵2

𝑁 )(𝑥𝑦) = { 

𝜂𝐵1
𝑁 (𝑥𝑦)                       𝑖𝑓 𝑥𝑦 ∈ 𝐸1 ∩ 𝐸̅2    

𝜂𝐵2
𝑁 (𝑥𝑦)                       𝑖𝑓 𝑥𝑦 ∈ 𝐸2 ∩ 𝐸̅1     

𝜂𝐵1
𝑁 (𝑥𝑦) ∨ 𝜂𝐵2

𝑁 (𝑥𝑦)   𝑖𝑓 𝑥𝑦 ∈ 𝐸1 ∩ 𝐸2     

 

                      (𝜁𝐵1
𝑃 ∪ 𝜁𝐵2

𝑃 )(𝑥𝑦) = {  

𝜁𝐵1
𝑃 (𝑥𝑦)                        𝑖𝑓 𝑥𝑦 ∈ 𝐸1 ∩ 𝐸̅2  

𝜁𝐵2
𝑃 (𝑥𝑦)                      𝑖𝑓 𝑥𝑦 ∈ 𝐸2 ∩ 𝐸̅1

𝜁𝐵1
𝑃 (𝑥𝑦) ∨ 𝜁𝐵2

𝑃 (𝑥𝑦)      𝑖𝑓 𝑥𝑦 ∈ 𝐸1 ∩ 𝐸2

    

                      (𝜁𝐵1
𝑁 ∪ 𝜁𝐵2

𝑁 )(𝑥𝑦) = { 

𝜁𝐵1
𝑁 (𝑥𝑦)                       𝑖𝑓 𝑥𝑦 ∈ 𝐸1 ∩ 𝐸̅2

𝜁𝐵2
𝑁 (𝑥𝑦)                       𝑖𝑓 𝑥𝑦 ∈ 𝐸2 ∩ 𝐸̅1 

𝜁𝐵1
𝑁 (𝑥𝑦) ∧ 𝜁𝐵2

𝑁 (𝑥𝑦)       𝑖𝑓 𝑥𝑦 ∈ 𝐸1 ∩ 𝐸2 

     

Example 3.1.13: 

 Let  𝐺1  and   𝐺2   be BAIFG where 𝑉1 = {𝑎, 𝑏, 𝑐, 𝑑}  ,  𝐸1 = {𝑎𝑏, 𝑏𝑐, 𝑎𝑐, 𝑐𝑑}  and 𝑉2 =

{𝑐, 𝑑, 𝑒} , 𝐸2 = {𝑐𝑑, 𝑑𝑒} respectively. Then we denote the union of two BAIFG as follows 

 

      

                                        

  

Table 3: Bipolar anti intuitionistic fuzzy sets in  𝑉 and 𝐸 of 𝐺1 

 𝒂 b 𝒄 d  𝒂𝒃 𝒃𝒄 𝒂𝒄 𝒄𝒅 

𝜼𝑨
𝑷 0.4 0.5 0.6 0.3 𝜼𝑩

𝑷 0.6 0.7 0.7 0.7 

𝜼𝑨
𝑵 -0.3 -0.4 -0.5 -0.5 𝜼𝑩

𝑵 -0.5 -0.5 -0.5 -0.5 

𝜻𝑨
𝑷 0.5 0.3 0.1 0.5 𝜻𝑩

𝑷 0.4 0.2 0.1 0.2 

𝜻𝑨
𝑵 -0.4 -0.3 -0.3 -0.3 𝜻𝑩

𝑵 -0.4 -0.4 -0.3 -0.3 
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Table 4: Bipolar anti intuitionistic fuzzy sets in  𝑉 and 𝐸 of  𝐺2 

 

 

 

 

 

 

 

Table 5 Bipolar anti intuitionistic fuzzy sets in  𝑉 of 𝐺1 ∪ 𝐺2  

 

 

 

 

 

 

 

Table 6 Bipolar anti intuitionistic fuzzy sets in  𝐸 of 𝐺1 ∪ 𝐺2 

 

Proposition 3.1.14  

If 𝐺1 and 𝐺2 are bipolar anti intuitionistic fuzzy graphs, then 𝐺1 ∪ 𝐺2 is a bipolar anti 

intuitionistic fuzzy graph.  

Proof: 

Let 𝑥𝑦 ∈ 𝐸1 ∩ 𝐸2. Then 

                     (𝜂𝐵1
𝑃 ∪ 𝜂𝐵2

𝑃 )(𝑥𝑦) = 𝜂𝐵1
𝑃 (𝑥𝑦) ∧ 𝜂𝐵2

𝑃 (𝑥𝑦) 

≥ ∧ {𝜂𝐴1
𝑃 (𝑥) ∨ 𝜂𝐴1

𝑃 (𝑦), 𝜂𝐴2
𝑃 (𝑥) ∨ 𝜂𝐴2

𝑃 (𝑦)} 

                      = ∨ {𝜂𝐴1
𝑃 (𝑥) ∧ 𝜂𝐴2

𝑃 (𝑥), 𝜂𝐴2
𝑃 (𝑦) ∧ 𝜂𝐴2

𝑃 (𝑦)} 

 𝒄 𝒅 𝒆  𝒄𝒅 de 

𝜼𝑨
𝑷 0.4 0.7 0.2 𝜼𝑩

𝑷 0.7 0.8 

𝜼𝑨
𝑵 -0.4 -0.2 -0.3 𝜼𝑩

𝑵 -0.4 -0.3 

𝜻𝑨
𝑷 0.3 0.1 0.6 𝜻𝑩

𝑷 0.2 0.1 

𝜻𝑨
𝑵 -0.2 -0.5 -0.4 𝜻𝑩

𝑵 -0.3 -0.5 

 a b c d e 

𝜼𝑨
𝑷 0.4 0.5 0.4 0.3 0.4 

𝜼𝑨
𝑵 -0.3 -0.4 -0.4 -0.2 -0.4 

𝜻𝑨
𝑷 0.5 0.3 0.3 0.5 0.3 

𝜻𝑨
𝑵 -0.4 -0.3 -0.3 -0.5 -0.2 

 ab bc 𝒂𝒄 de 𝒄𝒅 

𝜼𝑩
𝑷 0.6 0.7 0.7 0.8 0.7 

𝜼𝑩
𝑵 -0.5 -0.5 -0.5 -0.3 -0.4 

𝜻𝑩
𝑷 0.4 0.2 0.1 0.1 0.2 

𝜻𝑩
𝑵 -0.4 -0.4 -0.3 -0.5 -0.3 
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                       = (𝜂𝐴1
𝑃 ∪ 𝜂𝐴2

𝑃 (𝑥) ∨ (𝜂𝐴1
𝑃 ∪ 𝜂𝐴2

𝑃 )(𝑦). 

                     (𝜂𝐵1
𝑁 ∪ 𝜂𝐵2

𝑁 )(𝑥𝑦) = (𝜂𝐵1
𝑁 )(𝑥𝑦) ∨ 𝜂𝐵2

𝑁 (𝑥𝑦) 

                       ≤ ∨ {𝜂𝐴1
𝑁 (𝑥) ∧ 𝜂𝐴1

𝑁 (𝑦), 𝜂𝐴2
𝑁 (𝑥) ∧ 𝜂𝐴2

𝑁 (𝑦)} 

                       = ∧ {𝜂𝐴1
𝑁 (𝑥) ∨ 𝜂𝐴2

𝑁 (𝑥), 𝜂𝐴1
𝑁 (𝑦) ∨ 𝜂𝐴2

𝑁 (𝑦)} 

                       = (𝜂𝐴1
𝑁 ∪ 𝜂𝐴2

𝑁 )(𝑥) ∧ (𝜂𝐴1
𝑁 ∪ 𝜂𝐴2

𝑁 )(𝑦).  

(𝜁𝐵1
𝑃 ∪ 𝜁𝐵2

𝑃 )(𝑥𝑦) = (𝜁𝐵1
𝑃 )(𝑥𝑦) ∨ 𝜁𝐵2

𝑃 (𝑥𝑦) 

                       ≤ ∨ {𝜁𝐴1
𝑃 (𝑥) ∧ 𝜁𝐴1

𝑃 (𝑦), 𝜁𝐴2
𝑃 (𝑥) ∧ 𝜁𝐴2

𝑃 (𝑦)} 

                       = ∧ {𝜁𝐴1
𝑃 (𝑥) ∨ 𝜁𝐴2

𝑃 (𝑥), 𝜁𝐴1
𝑁 (𝑦) ∨ 𝜁𝐴2

𝑃 (𝑦)} 

                       = (𝜁𝐴1
𝑃 ∪ 𝜁𝐴2

𝑃 )(𝑥) ∧ (𝜁𝐴1
𝑃 ∪ 𝜁𝐴2

𝑁 )(𝑦). 

(𝜁𝐵1
𝑁 ∪ 𝜁𝐵2

𝑁 )(𝑥𝑦) = (𝜁𝐵1
𝑁 )(𝑥𝑦) ∧ 𝜁𝐵2

𝑁 (𝑥𝑦) 

                       ≥ ∧ {𝜁𝐴1
𝑁 (𝑥) ∨ 𝜁𝐴1

𝑁 (𝑦), 𝜁𝐴2
𝑁 (𝑥) ∨ 𝜁𝐴2

𝑁 (𝑦)} 

                       = ∨ {𝜁𝐴1
𝑁 (𝑥)  ∧ 𝜁𝐴2

𝑁 (𝑥), 𝜁𝐴1
𝑁 (𝑦)  ∧ 𝜁𝐴2

𝑁 (𝑦)} 

                       = (𝜁𝐴1
𝑁 ∪ 𝜁𝐴2

𝑁 )(𝑥) ∧ (𝜁𝐴1
𝑁 ∪ 𝜁𝐴2

𝑁 )(𝑦). 

 

  If  𝑥𝑦 ∈ 𝐸1 ∩ 𝐸̅2,   

(𝜂𝐵1
𝑃 ∪ 𝜂𝐵2

𝑃 )(𝑥𝑦) = 𝜂𝐵1
𝑃 (𝑥𝑦)  ≥ 𝜂𝐴1

𝑃 (𝑥) ∨ 𝜂𝐴1
𝑃 (𝑦) 

                                  = (𝜂𝐴1
𝑃 ∪ (𝜂𝐴2

𝑃 )(𝑥)) ∨ (𝜂𝐴1
𝑃 ∪ 𝜂𝐴2

𝑃 )(𝑦) 

Similarly, for  𝑥𝑦 ∈ 𝐸1 ∩ 𝐸̅2, we have 

                  (𝜂𝐵1
𝑁 ∪ 𝜂𝐵2

𝑁 )(𝑥𝑦) ≤ (𝜂𝐴1
𝑁 ∪ 𝜂𝐴2

𝑁 (𝑥) ∧ (𝜂𝐴1
𝑁 ∪ 𝜂𝐴2

𝑁 )(𝑦) 

(𝜁𝐵1
𝑃 ∪ 𝜁𝐵2

𝑃 )(𝑥𝑦) ≥  (𝜁𝐴1
𝑃 ∪ 𝜁𝐴2

𝑃 )(𝑥) ∧ (𝜁𝐴1
𝑃 ∪ 𝜁𝐴2

𝑁 )(𝑦) 

(𝜁𝐵1
𝑁 ∪ 𝜁𝐵2

𝑁 )(𝑥𝑦) ≤ (𝜁𝐴1
𝑁 ∪ 𝜁𝐴2

𝑁 )(𝑥) ∨ (𝜁𝐴1
𝑁 ∪ 𝜁𝐴2

𝑁 )(𝑦) 

If  𝑥𝑦 ∈ 𝐸2 ∩ 𝐸̅1, then 

                  (𝜂𝐵1
𝑃 ∪ 𝜂𝐵2

𝑃 )(𝑥𝑦) ≤ (𝜂𝐴1
𝑃 ∪ 𝜂𝐴2

𝑃 )(𝑥) ∧ (𝜂𝐴1
𝑃 ∪ 𝜂𝐴2

𝑃 )(𝑦) 

                  (𝜂𝐵1
𝑁 ∪ 𝜂𝐵2

𝑁 )(𝑥𝑦) ≥  (𝜂𝐴1
𝑁 ∪ 𝜂𝐴2

𝑁 )(𝑥) ∨ (𝜂𝐴1
𝑁 ∪ 𝜂𝐴2

𝑁 )(𝑦). 

(𝜁𝐵1
𝑃 ∪ 𝜁𝐵2

𝑃 )(𝑥𝑦) ≤ (𝜁𝐴1
𝑃 ∪ 𝜁𝐴2

𝑃 )(𝑥) ∨ (𝜁𝐴1
𝑃 ∪ 𝜁𝐴2

𝑃 )(𝑦) 

(𝜁𝐵1
𝑁 ∪ 𝜁𝐵2

𝑁 )(𝑥𝑦) ≥ (𝜁𝐴1
𝑁 ∪ 𝜁𝐴2

𝑁 )(𝑥) ∧ (𝜁𝐴1
𝑁 ∪ 𝜁𝐴2

𝑁 )(𝑦) 

Thus 𝐺1 ∪ 𝐺2 is a bipolar anti intuitionistic fuzzy graph. 
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3.2 BIPOLAR INTERVAL VALUED ANTI INTUITIONISTIC FUZZY GRAPH  

Definition 3.2.1  

      A bipolar interval valued anti intuitionistic fuzzy graph (BIVAIFG) with an underlying set 

𝑉  is defined to be a pair 𝐺 =  (𝐴, 𝐵) , where  𝐴 = (𝜂𝐴𝐿

𝑃 , 𝜂𝐴𝑈

𝑃 , 𝜁𝐴𝐿

𝑃 , 𝜁𝐴𝑈

𝑃 , 𝜂𝐴𝐿

𝑁 , 𝜂𝐴𝑈

𝑁 , 𝜁𝐴𝐿

𝑁 , 𝜁𝐴𝑈

𝑁 )  is a 

bipolar interval valued anti intuitionistic fuzzy set (BIVAIFS) in 𝑉  and  𝐵 = (𝜂𝐵𝐿

𝑃 , 𝜂𝐵𝑈

𝑃 ,

𝜁𝐵𝐿

𝑃 , 𝜁𝐵𝑈

𝑃 , 𝜂𝐵𝐿

𝑁 , 𝜂𝐵𝑈

𝑁 , 𝜁𝐵𝐿

𝑁 , 𝜁𝐵𝑈

𝑁 ) is a bipolar interval valued anti intuitionistic fuzzy set in E such that 

                             (𝜂𝐵𝐿

𝑃 )(𝑥𝑦) ≥ 𝜂𝐴𝐿

𝑝 (𝑥) ∨ 𝜂𝐴𝐿

𝑃 (𝑦) , (𝜁𝐵𝐿

𝑃 )(𝑥𝑦) ≥ 𝜁𝐴𝐿

𝑃 (𝑥) ∧ 𝜁𝐴𝐿

𝑃 (𝑦)   , 

 (𝜂𝐵𝑈

𝑃 )(𝑥𝑦) ≥ 𝜂𝐴𝑈

𝑝 (𝑥) ∨ 𝜂𝐴𝑈

𝑃 (𝑦) , (𝜁𝐵𝑈

𝑃 )(𝑥𝑦) ≥ 𝜁𝐴𝑈

𝑃 (𝑥) ∧ 𝜁𝐴𝑈

𝑃 (𝑦), 

(𝜂𝐵𝐿

𝑁 )(𝑥𝑦) ≤ 𝜂𝐴𝐿

𝑁 (𝑥) ∧ 𝜂𝐴𝐿

𝑁 (𝑦), (𝜁𝐵𝐿

𝑁 )(𝑥𝑦) ≤ 𝜁𝐴𝐿

𝑁 (𝑥) ∨ 𝜁𝐴𝐿

𝑁 (𝑦)  , 

(𝜂𝐵𝑈

𝑁 )(𝑥𝑦) ≤ 𝜂𝐴𝑈

𝑁 (𝑥) ∧ 𝜂𝐴𝑈

𝑁 (𝑦), (𝜁𝐵𝑈

𝑁 )(𝑥𝑦) ≤ 𝜁𝐴𝑈

𝑁 (𝑥) ∨ 𝜁𝐴𝑈

𝑁 (𝑦)  𝑓𝑜𝑟 𝑎𝑙𝑙 𝑥𝑦 ∈  𝐸 

Example 3.2.2: Consider the graph shown in figure 1 where 

𝑎 = (0.1,0.5, −0.5, −0.1,0.3,0.5, −0.5, −0.3); 𝑏 = (0.2,0.5, −0.6, −0.2,0.1,0.4, −0.4, −0.1) 

𝑐 = (0.3,0.6, −0.6, −0.4,0.1,0.4, −0.4, −0.2) we get the values of the edges as  

𝑎𝑏 = (0.3,0.6, −0.7, −0.3,0.2,0.4, −0.4, −0.2) 

𝑏𝑐 = (0.4,0.7, −0.6, −0.5,0.2,0.4, −0.4, −0.1) 

𝑎𝑐 = (0.4,0.6, −0.6, −0.4,0.2,0.4, −0.4, −0.3) 

Definition 3.2.3    

     Let 𝐴1 = (𝜂𝐴1𝐿

𝑃 , 𝜂𝐴1𝑈

𝑃 , 𝜁𝐴1𝐿

𝑃 , 𝜁𝐴1𝑈

𝑃 , 𝜂𝐴1𝐿

𝑁 , 𝜂𝐴1𝑈

𝑁 , 𝜁𝐴1𝐿

𝑁 , 𝜁𝐴1𝑈

𝑁 ) and  

𝐴2 = (𝜂𝐴2𝐿

𝑃 , 𝜂𝐴2𝑈

𝑃 , 𝜁𝐴2𝐿

𝑃 , 𝜁𝐴2𝑈

𝑃 , 𝜂𝐴2𝐿

𝑁 , 𝜂𝐴2𝑈

𝑁 , 𝜁𝐴2𝐿

𝑁 , 𝜁𝐴2𝑈

𝑁 )  

be BIVAIF subset of 𝑉1 and 𝑉2 and 𝐵1 = (𝜂𝐵1𝐿

𝑃 , 𝜂𝐵1𝑈

𝑃 , 𝜁𝐵1𝐿

𝑃 , 𝜁𝐵1𝑈

𝑃 , 𝜂𝐵1𝐿

𝑁 , 𝜂𝐵1𝑈

𝑁 , 𝜁𝐵1𝐿

𝑁 , 𝜁𝐵1𝑈

𝑁 ) and 

 𝐵2 = (𝜂𝐵2𝐿

𝑃 , 𝜂𝐵2𝑈

𝑃 , 𝜁𝐵2𝐿

𝑃 , 𝜁𝐵2𝑈

𝑃 , 𝜂𝐵2𝐿

𝑁 , 𝜂𝐵2𝑈

𝑁 , 𝜁𝐵2𝐿

𝑁 , 𝜁𝐵2𝑈

𝑁 )  be BIVAIF subsets of 𝐸1  and 𝐸2 

respectively. Then we denote the Cartesian product of two bipolar interval valued anti intuitionistic 

fuzzy graphs 𝐺1  and 𝐺2  of the graphs 𝐺1
∗  and 𝐺2

∗   by 𝐺1 × 𝐺2=(𝐴1 × 𝐴2, 𝐵1 × 𝐵2)  and defined 

by 
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(i)               (𝜂𝐴1𝐿

𝑃 × 𝜂𝐴2𝐿

𝑃 )(𝑥1, 𝑥2) = 𝜂𝐴1𝐿

𝑃 (𝑥1) ∨ 𝜂𝐴2𝐿

𝑃 (𝑥2)         

(𝜂𝐴1𝑈

𝑃 × 𝜂𝐴2𝑈

𝑃 )(𝑥1, 𝑥2) = 𝜂𝐴1𝑈

𝑃 (𝑥1) ∨ 𝜂𝐴2𝑈

𝑃 (𝑥2) 

            (𝜂𝐴1𝐿

𝑁 × 𝜂𝐴2𝐿

𝑁 )(𝑥1, 𝑥2) = 𝜂𝐴1𝐿

𝑁 (𝑥1) ∧ 𝜂𝐴2𝐿

𝑁 (𝑥2)    

                    (𝜂𝐴1𝑈

𝑁 × 𝜂𝐴2𝑈

𝑁 )(𝑥1, 𝑥2) = 𝜂𝐴1𝑈

𝑁 (𝑥1) ∧ 𝜂𝐴2𝑈

𝑁 (𝑥2) 

           (𝜁𝐴1𝐿

𝑃 × 𝜁𝐴2𝐿

𝑃 )(𝑥1, 𝑥2) = 𝜁𝐴1𝐿

𝑃 (𝑥1) ∧ 𝜁𝐴2𝐿

𝑃 (𝑥2)   

           (𝜁𝐴1𝑈

𝑃 × 𝜁𝐴2𝑈

𝑃 )(𝑥1, 𝑥2) = 𝜁𝐴1𝑈

𝑃 (𝑥1) ∧ 𝜁𝐴2𝑈

𝑃 (𝑥2)  

           (𝜁𝐴1 𝐿

𝑁 × 𝜁𝐴2𝐿

𝑁 )(𝑥1, 𝑥2) = 𝜁𝐴1𝐿

𝑁 (𝑥1) ∨ 𝜁𝐴2𝐿

𝑁 (𝑥2)  

           (𝜁𝐴1𝑈

𝑁 × 𝜁𝐴2𝑈

𝑁 )(𝑥1, 𝑥2) = 𝜁𝐴1𝑈

𝑁 (𝑥1) ∨ 𝜁𝐴2𝑈

𝑁 (𝑥2)for all (𝑥1, 𝑥2) ∈  𝑉 ×  𝑉.  

(ii)                    (𝜂𝐵1𝐿

𝑃 × 𝜂𝐵2𝐿

𝑃 )((𝑥, 𝑥2)(𝑥, 𝑦2)) = 𝜂𝐴1𝐿

𝑃 (𝑥) ∨ 𝜂𝐵2𝐿

𝑃 (𝑥2𝑦2)  

                   (𝜂𝐵1𝑈

𝑃 × 𝜂𝐵2𝑈

𝑃 )((𝑥, 𝑥2)(𝑥, 𝑦2)) = 𝜂𝐴1𝑈

𝑃 (𝑥) ∨ 𝜂𝐵2𝑈

𝑃 (𝑥2𝑦2)  

                  (𝜂𝐵1𝐿

𝑁 × 𝜂𝐵2𝐿

𝑁 )((𝑥, 𝑥2)(𝑥, 𝑦2)) = 𝜂𝐴1𝐿

𝑁 (𝑥) ∧ 𝜂𝐵2𝐿

𝑁 (𝑥2𝑦2) 

    (𝜂𝐵1𝑈

𝑁 × 𝜂𝐵2𝑈

𝑁 )((𝑥, 𝑥2)(𝑥, 𝑦2)) = 𝜂𝐴1𝑈

𝑁 (𝑥) ∧ 𝜂𝐵2𝑈

𝑁 (𝑥2𝑦2) 

(𝜁𝐵1𝐿

𝑃 × 𝜁𝐵2𝐿

𝑃 )((𝑥, 𝑥2)(𝑥, 𝑦2)) = 𝜁𝐴1𝐿

𝑃 (𝑥) ∧ 𝜁𝐵2𝐿

𝑃 (𝑥2𝑦2) 

 (𝜁𝐵1𝑈

𝑃 × 𝜁𝐵2𝑈

𝑃 )((𝑥, 𝑥2)(𝑥, 𝑦2)) = 𝜁𝐴1𝑈

𝑃 (𝑥) ∧ 𝜁𝐵2𝑈

𝑃 (𝑥2𝑦2) 

( 𝜁𝐵1𝐿

𝑁 × 𝜁𝐵2𝐿

𝑁 )((𝑥, 𝑥2)(𝑥, 𝑦2)) = 𝜁𝐴1𝐿

𝑁 (𝑥) ∨ 𝜁𝐵2𝐿

𝑁 (𝑥2𝑦2) 

           ( 𝜁𝐵1𝑈

𝑁 × 𝜁𝐵2𝑈

𝑁 )((𝑥, 𝑥2)(𝑥, 𝑦2)) = 𝜁𝐴1𝑈

𝑁 (𝑥) ∨ 𝜁𝐵2𝑈

𝑁 (𝑥2𝑦2)   

for all 𝑥 ∈ 𝑉1,  for all 𝑥2𝑦2 ∈ 𝐸2.  

(iii)          (𝜂𝐵1𝐿

𝑃 × 𝜂𝐵2𝐿

𝑃 )((𝑥1, 𝑧)(𝑦1, 𝑧)) = 𝜂𝐵1𝐿

𝑃 (𝑥1𝑦1) ∨ 𝜂𝐴2𝐿

𝑃 (𝑧)        

                  (𝜂𝐵1𝑈

𝑃 × 𝜂𝐵2𝑈

𝑃 )((𝑥1, 𝑧)(𝑦1, 𝑧)) = 𝜂𝐵1𝑈

𝑃 (𝑥1𝑦1) ∨ 𝜂𝐴2𝑈

𝑃 (𝑧) 

         ( 𝜂𝐵1𝐿

𝑁 × 𝜂𝐵2𝐿

𝑁 )((𝑥1, 𝑧)(𝑦1, 𝑧)) = 𝜂𝐵1𝐿

𝑁 (𝑥1𝑦1) ∧ 𝜂𝐴2𝐿

𝑁 (𝑧)  

         ( 𝜂𝐵1𝑈

𝑁 × 𝜂𝐵2𝑈

𝑁 )((𝑥1, 𝑧)(𝑦1, 𝑧)) = 𝜂𝐵1𝑈

𝑁 (𝑥1𝑦1) ∧ 𝜂𝐴2𝑈

𝑁 (𝑧) 
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                  (𝜁𝐵1𝐿

𝑃 × 𝜁𝐵2𝐿

𝑃 )((𝑥1, 𝑧)(𝑦1, 𝑧)) = 𝜁𝐴2𝐿

𝑃 (𝑧) ∧ 𝜁𝐵1𝐿

𝑃 (𝑥1𝑦1) 

                  (𝜁𝐵1𝑈

𝑃 × 𝜁𝐵2𝑈

𝑃 )((𝑥1, 𝑧)(𝑦1, 𝑧)) = 𝜁𝐴2𝑈

𝑃 (𝑧) ∧ 𝜁𝐵1𝑈

𝑃 (𝑥1𝑦1) 

            ( 𝜁𝐵1𝐿

𝑁 × 𝜁𝐵2𝐿

𝑁 )((𝑥1, 𝑧)(𝑦1, 𝑧)) = 𝜁𝐴2𝐿

𝑁 (𝑧) ∨ 𝜁𝐵1𝐿

𝑁 (𝑥1𝑦1)           

   ( 𝜁𝐵1𝑈

𝑁 × 𝜁𝐵2𝑈

𝑁 )((𝑥1, 𝑧)(𝑦1, 𝑧)) = 𝜁𝐴2𝑈

𝑁 (𝑧) ∨ 𝜁𝐵1𝑈

𝑁 (𝑥1𝑦1) 

for all 𝑧 ∈ 𝑉2, for all 𝑥1𝑦1 ∈ 𝐸1. 

Example 3.2.4: Consider the graph shown in figure 2 where 

𝑎 = (0.1,0.5, −0.5, −0.1,0.3,0.5, −0.5, −0.3); 𝑏 = (0.2,0.5, −0.6, −0.2,0.1,0.4, −0.4, −0.1) 

𝑐 = (0.3,0.6, −0.6, −0.4,0.1,0.4, −0.4, −0.2); 𝑑 = (0.2,0.5, −0.6, −0.3,0.3,0.6, −0.4, −0.2)   

we get the values of the vertices  in 𝐺1 × 𝐺2  as  

(𝑎, 𝑐) = (0.3,0.6, −0.6, −0.4,0.1,0.4, −0.4, −0.2) 

(𝑎, 𝑑) = (0.2,0.5, −0.6, −0.3,0.3,0.5, −0.4, −0.2) 

(𝑏, 𝑐) = (0.3,0.6, −0.6, −0.4,0.1,0.4, −0.4, −0.1) 

(𝑏, 𝑑) = (0.2,0.5, −0.6, −0.2,0.1,0.4, −0.4, −0.1) 

and edges in 𝐺1 × 𝐺2  as 

(𝑎, 𝑐)(𝑎, 𝑑) = (0.4,0.6, −0.6, −0.5,0.2,0.5, −0.4, −0.3) 

(𝑏, 𝑐)(𝑏, 𝑑) = (0.4,0.6, −0.6, −0.5,0. ,0.4, −0.4, −0.1) 

(𝑎, 𝑐)(𝑏, 𝑐) = (0.3,0.6, −0.7, −0.4,0.1,0.4, −0.4, −0.2) 

(𝑎, 𝑑)(𝑏, 𝑑) = (0.3,0.6, −0.7, −0.3,0.2,0.4, −0.4, −0.2) 

Proposition 3.2.5 

  If  𝐺1  and 𝐺2 are BIVAIF graphs, then 𝐺1 × 𝐺2 is a BIVAIF graph.  

Proof:    

Let 𝑥 ∈ 𝑉1 and 𝑥2𝑦2 ∈ 𝐸2 . Then  

(𝜂𝐵1𝐿

𝑃 × 𝜂𝐵2𝐿

𝑃 )((𝑥, 𝑥2)(𝑥, 𝑦2)) = 𝜂𝐴1𝐿

𝑃 (𝑥) ∨ 𝜂𝐵2𝐿

𝑃 (𝑥2𝑦2) 

                         ≥∨ {𝜂𝐴1𝐿

𝑃 (𝑥), 𝜂𝐴2𝐿

𝑃 (𝑥2) ∨ 𝜂𝐴2𝐿

𝑃 (𝑦2)} 

                         =∨ {𝜂𝐴1𝐿

𝑃 (𝑥) ∨ 𝜂𝐴2𝐿

𝑃 (𝑥2)) , 𝜂𝐴1𝐿

𝑃 (𝑥) ∨ 𝜂𝐴2𝐿

𝑃 (𝑦2)} 
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                         = (𝜂𝐴1𝐿

𝑃 × 𝜂𝐴2𝐿

𝑃 )(𝑥, 𝑥2) ∨ (𝜂𝐴1𝐿

𝑃 × 𝜂𝐴2𝐿

𝑃 )(𝑥, 𝑦2). 

(𝜂𝐵1𝑈

𝑃 × 𝜂𝐵2𝑈

𝑃 )((𝑥, 𝑥2)(𝑥, 𝑦2)) = 𝜂𝐴1𝑈

𝑃 (𝑥) ∨ 𝜂𝐵2𝑈

𝑃 (𝑥2𝑦2) 

                          ≥∨ {𝜂𝐴1𝑈

𝑃 (𝑥), 𝜂𝐴2𝑈

𝑃 (𝑥2) ∨ 𝜂𝐴2𝑈

𝑃 (𝑦2)} 

                          =∨ {𝜂𝐴1𝑈

𝑃 (𝑥) ∨ 𝜂𝐴2𝑈

𝑃 (𝑥2)) , 𝜂𝐴1𝑈

𝑃 (𝑥) ∨ 𝜂𝐴2𝑈

𝑃 (𝑦2)} 

                          = (𝜂𝐴1𝑈

𝑃 × 𝜂𝐴2𝑈

𝑃 )(𝑥, 𝑥2) ∨ (𝜂𝐴1𝑈

𝑃 × 𝜂𝐴2𝑈

𝑃 )(𝑥, 𝑦2). 

(𝜂𝐵1𝐿

𝑁 × 𝜂𝐵2𝐿

𝑁 )((𝑥, 𝑥2)(𝑥, 𝑦2)) = 𝜂𝐴1𝐿

𝑁 (𝑥) ∧ 𝜂𝐵2𝐿

𝑁 (𝑥2𝑦2) 

                          ≤∧ {𝜂𝐴1𝐿

𝑁 (𝑥), (𝜂𝐴2𝐿

𝑁 (𝑥2) ∧ 𝜂𝐴2𝐿

𝑁 (𝑦2)} 

                           =∧ {𝜂𝐴1𝐿

𝑁 (𝑥) ∧ 𝜂𝐴2𝐿

𝑁 (𝑥2), 𝜂𝐴1𝐿

𝑁 (𝑥) ∧ 𝜂𝐴2𝐿

𝑁 (𝑦2)} 

                          = (𝜂𝐴1𝐿

𝑁 × 𝜂𝐴2𝐿

𝑁 )(𝑥, 𝑥2) ∧ (𝜂𝐴1𝐿

𝑁 × 𝜂𝐴2𝐿

𝑁 )(𝑥, 𝑦2).             

                 (𝜂𝐵1𝑈

𝑁 × 𝜂𝐵2𝑈

𝑁 )((𝑥, 𝑥2)(𝑥, 𝑦2)) = 𝜂𝐴1𝑈

𝑁 (𝑥) ∧ 𝜂𝐵2𝑈

𝑁 (𝑥2𝑦2)                

≤∧ {𝜂𝐴1𝑈

𝑁 (𝑥), (𝜂𝐴2𝑈

𝑁 (𝑥2) ∧ 𝜂𝐴2𝑈

𝑁 (𝑦2)} 

                         =∧ {𝜂𝐴1𝑈

𝑁 (𝑥) ∧ 𝜂𝐴2𝑈

𝑁 (𝑥2), 𝜂𝐴1𝑈

𝑁 (𝑥) ∧ 𝜂𝐴2𝑈

𝑁 (𝑦2)} 

                        = (𝜂𝐴1𝑈

𝑁 × 𝜂𝐴2𝑈

𝑁 )(𝑥, 𝑥2) ∧ (𝜂𝐴1𝑈

𝑁 × 𝜂𝐴2𝑈

𝑁 )(𝑥, 𝑦2).     

(𝜁𝐵1𝐿

𝑃 × 𝜁𝐵2𝐿

𝑃 )((𝑥, 𝑥2)(𝑥, 𝑦2)) = 𝜁𝐴1𝐿

𝑃 (𝑥) ∧ 𝜁𝐵2𝐿

𝑃 (𝑥2𝑦2) 

                        ≥∧ {𝜁𝐴1𝐿

𝑃 (𝑥), 𝜁𝐴2𝐿

𝑃 (𝑥2) ∧ 𝜁𝐴2𝐿

𝑃 (𝑦2)} 

                        =∧ {𝜁𝐴1𝐿

𝑃 (𝑥) ∧ 𝜁𝐴2𝐿

𝑃 (𝑥2)) , 𝜁𝐴1𝐿

𝑃 (𝑥) ∧ 𝜁𝐴2𝐿

𝑃 (𝑦2)} 

                       = (𝜁𝐴1𝐿

𝑃 × 𝜁𝐴2𝐿

𝑃 )(𝑥, 𝑥2) ∧ (𝜁𝐴1𝐿

𝑃 × 𝜁𝐴2𝐿

𝑃 )(𝑥, 𝑦2). 

(𝜁𝐵1𝑈

𝑃 × 𝜁𝐵2𝑈

𝑃 )((𝑥, 𝑥2)(𝑥, 𝑦2)) = 𝜁𝐴1𝑈

𝑃 (𝑥) ∧ 𝜁𝐵2𝑈

𝑃 (𝑥2𝑦2) 

                       ≥∧ {𝜁𝐴1𝑈

𝑃 (𝑥), 𝜁𝐴2𝑈

𝑃 (𝑥2) ∧ 𝜁𝐴2𝑈

𝑃 (𝑦2)} 

                       =∧ {𝜁𝐴1𝑈

𝑃 (𝑥) ∧ 𝜁𝐴2𝑈

𝑃 (𝑥2)) , 𝜁𝐴1𝑈

𝑃 (𝑥) ∧ 𝜁𝐴2𝑈

𝑃 (𝑦2)} 

                       = (𝜁𝐴1𝑈

𝑃 × 𝜁𝐴2𝑈

𝑃 )(𝑥, 𝑥2) ∧ (𝜁𝐴1𝑈

𝑃 × 𝜁𝐴2𝑈

𝑃 )(𝑥, 𝑦2). 
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( 𝜁𝐵1𝐿

𝑁 × 𝜁𝐵2𝐿

𝑁 )((𝑥, 𝑥2)(𝑥, 𝑦2)) = 𝜁𝐴1𝐿

𝑁 (𝑥) ∨ 𝜁𝐵2𝐿

𝑁 (𝑥2𝑦2) 

                       ≤∨ {𝜁𝐴1𝐿

𝑁 (𝑥), (𝜁𝐴2𝐿

𝑁 (𝑥2) ∨ 𝜁𝐴2𝐿

𝑁 (𝑦2)} 

                        =∨ {𝜁𝐴1𝐿

𝑁 (𝑥) ∨ 𝜁𝐴2𝐿

𝑁 (𝑥2), 𝜁𝐴1𝐿

𝑁 (𝑥) ∨ 𝜁𝐴2𝐿

𝑁 (𝑦2)} 

                       = (𝜁𝐴1𝐿

𝑁 × 𝜁𝐴2𝐿

𝑁 )(𝑥, 𝑥2) ∨ (𝜁𝐴1𝐿

𝑁 × 𝜁𝐴2𝐿

𝑁 )(𝑥, 𝑦2). 

( 𝜁𝐵1𝑈

𝑁 × 𝜁𝐵2𝑈

𝑁 )((𝑥, 𝑥2)(𝑥, 𝑦2)) = 𝜁𝐴1𝑈

𝑁 (𝑥) ∨ 𝜁𝐵2𝑈

𝑁 (𝑥2𝑦2) 

≤∨ {𝜁𝐴1𝑈

𝑁 (𝑥), (𝜁𝐴2𝑈

𝑁 (𝑥2) ∨ 𝜁𝐴2𝑈

𝑁 (𝑦2)} 

                         =∨ {𝜁𝐴1𝑈

𝑁 (𝑥) ∨ 𝜁𝐴2𝑈

𝑁 (𝑥2), 𝜁𝐴1𝑈

𝑁 (𝑥) ∨ 𝜁𝐴2𝑈

𝑁 (𝑦2)} 

                        = (𝜁𝐴1𝑈

𝑁 × 𝜁𝐴2𝑈

𝑁 )(𝑥, 𝑥2) ∨ (𝜁𝐴1𝑈

𝑁 × 𝜁𝐴2𝑈

𝑁 )(𝑥, 𝑦2). 

     Let 𝑧 ∈ 𝑉2,𝑎𝑛𝑑 𝑥1𝑦1 ∈ 𝐸1. Thus 

(𝜂𝐵1𝐿

𝑃 × 𝜂𝐵2𝐿

𝑃 )((𝑥1, 𝑧)(𝑦1, 𝑧)) = 𝜂𝐵1𝐿

𝑃 (𝑥1𝑦1) ∨ 𝜂𝐴2𝐿

𝑃 (𝑧) 

                        ≥ ∨ {(𝜂𝐴1𝐿

𝑃 (𝑥1) ∨ 𝜂𝐴1𝐿

𝑃 (𝑦1)) , 𝜂𝐴2𝐿

𝑃 (𝑧)} 

                        = ∨ {𝜂𝐴1𝐿

𝑃 (𝑥1) ∨ 𝜂𝐴2𝐿

𝑃 (𝑧), 𝜂𝐴1𝐿

𝑃 (𝑦1) ∨ 𝜂𝐴2𝐿

𝑃 (𝑧)} 

                        = (𝜂𝐴1𝐿

𝑃 × 𝜂𝐴2𝐿

𝑃 )(𝑥1, 𝑧) ∨ (𝜂𝐴1𝐿

𝑃 × 𝜂𝐴2𝐿

𝑃 (𝑦1, 𝑧)) 

(𝜂𝐵1𝑈

𝑃 × 𝜂𝐵2𝑈

𝑃 )((𝑥1, 𝑧)(𝑦1, 𝑧)) = 𝜂𝐵1𝑈

𝑃 (𝑥1𝑦1) ∨ 𝜂𝐴2𝑈

𝑃 (𝑧) 

                         ≥ ∨ {(𝜂𝐴1𝑈

𝑃 (𝑥1) ∨ 𝜂𝐴1𝑈

𝑃 (𝑦1)) , 𝜂𝐴2𝑈

𝑃 (𝑧)} 

                        = ∨ {𝜂𝐴1𝑈

𝑃 (𝑥1) ∨ 𝜂𝐴2𝑈

𝑃 (𝑧), 𝜂𝐴1𝑈

𝑃 (𝑦1) ∨ 𝜂𝐴2𝑈

𝑃 (𝑧)} 

                        = (𝜂𝐴1𝑈

𝑃 × 𝜂𝐴2𝑈

𝑃 )(𝑥1, 𝑧) ∨ (𝜂𝐴1𝑈

𝑃 × 𝜂𝐴2𝑈

𝑃 (𝑦1, 𝑧)) 

(𝜂𝐵1𝐿

𝑁 × 𝜂𝐵2𝐿

𝑁 )((𝑥1, 𝑧)(𝑦1, 𝑧)) = 𝜂𝐵1𝐿

𝑁 (𝑥1𝑦1) ∧ 𝜂𝐴2𝐿

𝑁 (𝑧) 

                         ≤∧ {𝜂𝐴1𝐿

𝑁 (𝑥1) ∧ 𝜂𝐴1𝐿

𝑁 (𝑦1), 𝜂𝐴2𝐿

𝑁 (𝑧)} 

                        =∧ {𝜂𝐴1𝐿

𝑁 (𝑥1) ∧ 𝜂𝐴2𝐿

𝑁 (𝑧), 𝜂𝐴1𝐿

𝑁 (𝑦1) ∧ 𝜂𝐴2𝐿

𝑁 (𝑧)} 

                        = (𝜂𝐴1𝐿

𝑁 × 𝜂𝐴2𝐿

𝑁 )(𝑥1, 𝑧) ∧ (𝜂𝐴1𝐿

𝑁 × 𝜂𝐴2𝐿

𝑁 )(𝑦1, 𝑧). 
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(𝜂𝐵1𝑈

𝑁 × 𝜂𝐵2𝑈

𝑁 )((𝑥1, 𝑧)(𝑦1, 𝑧)) = 𝜂𝐵1𝑈

𝑁 (𝑥1𝑦1) ∧ 𝜂𝐴2𝑈

𝑁 (𝑧) 

                         ≤∧ {𝜂𝐴1𝑈

𝑁 (𝑥1) ∧ 𝜂𝐴1𝑈

𝑁 (𝑦1), 𝜂𝐴2𝑈

𝑁 (𝑧)} 

                        =∧ {𝜂𝐴1𝑈

𝑁 (𝑥1) ∧ 𝜂𝐴2𝑈

𝑁 (𝑧), 𝜂𝐴1𝑈

𝑁 (𝑦1) ∧ 𝜂𝐴2𝑈

𝑁 (𝑧)} 

                        = (𝜂𝐴1𝑈

𝑁 × 𝜂𝐴2𝑈

𝑁 )(𝑥1, 𝑧) ∧ (𝜂𝐴1𝑈

𝑁 × 𝜂𝐴2𝑈

𝑁 )(𝑦1, 𝑧). 

                (𝜁𝐵1𝐿

𝑃 × 𝜁𝐵2𝐿

𝑃 )((𝑥1, 𝑧)(𝑦1, 𝑧)) = 𝜁𝐴2𝐿

𝑃 (𝑧) ∧ 𝜁𝐵1𝐿

𝑃 (𝑥1𝑦1) 

                        ≥ ∧ {(𝜁𝐴1𝐿

𝑃 (𝑥1) ∧ 𝜁𝐴1𝐿

𝑃 (𝑦1)) , 𝜁𝐴2𝐿

𝑃 (𝑧)} 

                        = ∧ {𝜁𝐴1𝐿

𝑃 (𝑥1) ∧ 𝜁𝐴2𝐿

𝑃 (𝑧), 𝜁𝐴1𝐿

𝑃 (𝑦1) ∧ 𝜁𝐴2𝐿

𝑃 (𝑧)} 

                        = (𝜁𝐴1𝐿

𝑃 × 𝜁𝐴2𝐿

𝑃 )(𝑥1, 𝑧) ∧ (𝜁𝐴1𝐿

𝑃 × 𝜁𝐴2𝐿

𝑃 (𝑦1, 𝑧)) 

               (𝜁𝐵1𝑈

𝑃 × 𝜁𝐵2𝑈

𝑃 )((𝑥1, 𝑧)(𝑦1, 𝑧)) = 𝜁𝐴2𝑈

𝑃 (𝑧) ∧ 𝜁𝐵1𝑈

𝑃 (𝑥1𝑦1) 

                         ≥ ∧ {(𝜁𝐴1𝑈

𝑃 (𝑥1) ∧ 𝜁𝐴1𝑈

𝑃 (𝑦1)) , 𝜁𝐴2𝑈

𝑃 (𝑧)} 

                         = ∧ {𝜁𝐴1𝑈

𝑃 (𝑥1) ∧ 𝜁𝐴2𝑈

𝑃 (𝑧), 𝜁𝐴1𝑈

𝑃 (𝑦1) ∧ 𝜁𝐴2𝑈

𝑃 (𝑧)} 

                         = (𝜁𝐴1𝑈

𝑃 × 𝜁𝐴2𝑈

𝑃 )(𝑥1, 𝑧) ∧ (𝜁𝐴1𝑈

𝑃 × 𝜁𝐴2𝑈

𝑃 (𝑦1, 𝑧)) 

  ( 𝜁𝐵1𝐿

𝑁 × 𝜁𝐵2𝐿

𝑁 )((𝑥1, 𝑧)(𝑦1, 𝑧)) = 𝜁𝐴2𝐿

𝑁 (𝑧) ∨ 𝜁𝐵1𝐿

𝑁 (𝑥1𝑦1) 

                          ≤∨ {𝜁𝐴1𝐿

𝑁 (𝑥1) ∨ 𝜁𝐴1𝐿

𝑁 (𝑦1), 𝜁𝐴2𝐿

𝑁 (𝑧)} 

                         =∨ {𝜁𝐴1𝐿

𝑁 (𝑥1) ∨ 𝜁𝐴2𝐿

𝑁 (𝑧), 𝜁𝐴1𝐿

𝑁 (𝑦1) ∨ 𝜁𝐴2𝐿

𝑁 (𝑧)} 

                         = (𝜁𝐴1𝐿

𝑁 × 𝜁𝐴2𝐿

𝑁 )(𝑥1, 𝑧) ∨ (𝜁𝐴1𝐿

𝑁 × 𝜁𝐴2𝐿

𝑁 )(𝑦1, 𝑧). 

( 𝜁𝐵1𝑈

𝑁 × 𝜁𝐵2𝑈

𝑁 )((𝑥1, 𝑧)(𝑦1, 𝑧)) = 𝜁𝐴2𝑈

𝑁 (𝑧) ∨ 𝜁𝐵1𝑈

𝑁 (𝑥1𝑦1) 

                          ≤∨ {𝜁𝐴1𝑈

𝑁 (𝑥1) ∨ 𝜁𝐴1𝑈

𝑁 (𝑦1), 𝜁𝐴2𝑈

𝑁 (𝑧)} 

                         =∨ {𝜁𝐴1𝑈

𝑁 (𝑥1) ∨ 𝜁𝐴2𝑈

𝑁 (𝑧), 𝜁𝐴1𝑈

𝑁 (𝑦1) ∨ 𝜁𝐴2𝑈

𝑁 (𝑧)} 

                         = (𝜁𝐴1𝑈

𝑁 × 𝜁𝐴2𝑈

𝑁 )(𝑥1, 𝑧) ∨ (𝜁𝐴1𝑈

𝑁 × 𝜁𝐴2𝑈

𝑁 )(𝑦1, 𝑧). 

Definition 3.2.6 
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Let 𝐴1 = (𝜂𝐴1𝐿

𝑃 , 𝜂𝐴1𝑈

𝑃 , 𝜁𝐴1𝐿

𝑃 , 𝜁𝐴1𝑈

𝑃 , 𝜂𝐴1𝐿

𝑁 , 𝜂𝐴1𝑈

𝑁 , 𝜁𝐴1𝐿

𝑁 , 𝜁𝐴1𝑈

𝑁 ) and 

  𝐴2 = (𝜂𝐴2𝐿

𝑃 , 𝜂𝐴2𝑈

𝑃 , 𝜁𝐴2𝐿

𝑃 , 𝜁𝐴2𝑈

𝑃 , 𝜂𝐴2𝐿

𝑁 , 𝜂𝐴2𝑈

𝑁 , 𝜁𝐴2𝐿

𝑁 , 𝜁𝐴2𝑈

𝑁 )  

be BIVAIF subset of 𝑉1 and 𝑉2 and 𝐵1 = (𝜂𝐵1𝐿

𝑃 , 𝜂𝐵1𝑈

𝑃 , 𝜁𝐵1𝐿

𝑃 , 𝜁𝐵1𝑈

𝑃 , 𝜂𝐵1𝐿

𝑁 , 𝜂𝐵1𝑈

𝑁 , 𝜁𝐵1𝐿

𝑁 , 𝜁𝐵1𝑈

𝑁 ) and 𝐵2 =

(𝜂𝐵2𝐿

𝑃 , 𝜂𝐵2𝑈

𝑃 , 𝜁𝐵2𝐿

𝑃 , 𝜁𝐵2𝑈

𝑃 , 𝜂𝐵2𝐿

𝑁 , 𝜂𝐵2𝑈

𝑁 , 𝜁𝐵2𝐿

𝑁 , 𝜁𝐵2𝑈

𝑁 )  be BIVAIF subsets of 𝐸1  and 𝐸2  respectively. 

The composition of two BIVAIF graphs  𝐺1  and  𝐺2  of the graphs  𝐺1
∗  and  𝐺2

∗   denoted 

by 𝐺1[𝐺2] = (𝐴1 ∘ 𝐴2, 𝐵1 ∘ 𝐵2) is defined by 

(i) (𝜂𝐴1𝐿

𝑃 ∘ 𝜂𝐴2𝐿

𝑃 )(𝑥1, 𝑥2) = 𝜂𝐴1𝐿

𝑃 (𝑥1) ∨ 𝜂𝐴2𝐿

𝑃 (𝑥2)   

                 (𝜂𝐴1𝑈

𝑃 ∘ 𝜂𝐴2𝑈

𝑃 )(𝑥1, 𝑥2) = 𝜂𝐴1𝑈

𝑃 (𝑥1) ∨ 𝜂𝐴2𝑈

𝑃 (𝑥2)     

  (𝜂𝐴1𝐿

𝑁 ∘ 𝜂𝐴2𝐿

𝑁 )(𝑥1, 𝑥2) = 𝜂𝐴1𝐿

𝑁 (𝑥1) ∧ 𝜂𝐴2𝐿

𝑁 (𝑥2)    

            (𝜂𝐴1𝑈

𝑁 ∘ 𝜂𝐴2𝑈

𝑁 )(𝑥1, 𝑥2) = 𝜂𝐴1𝑈

𝑁 (𝑥1) ∧ 𝜂𝐴2𝑈

𝑁 (𝑥2)    

            (𝜁𝐴1𝐿

𝑃 ∘ 𝜁𝐴2𝐿

𝑃 )(𝑥1, 𝑥2) = 𝜁𝐴1𝐿

𝑃 (𝑥1) ∧ 𝜁𝐴2𝐿

𝑃 (𝑥2)     

            (𝜁𝐴1𝑈

𝑃 ∘ 𝜁𝐴2𝑈

𝑃 )(𝑥1, 𝑥2) = 𝜁𝐴1𝑈

𝑃 (𝑥1) ∧ 𝜁𝐴2𝑈

𝑃 (𝑥2)  

            (𝜁𝐴1𝐿

𝑁 ∘ 𝜁𝐴2𝐿

𝑁 )(𝑥1, 𝑥2) = 𝜁𝐴1𝐿

𝑁 (𝑥1) ∨ 𝜁𝐴2𝐿

𝑁 (𝑥2) 

          (𝜁𝐴1𝑈

𝑁 ∘ 𝜁𝐴2𝑈

𝑁 )(𝑥1, 𝑥2) = 𝜁𝐴1𝑈

𝑁 (𝑥1) ∨ 𝜁𝐴2𝑈

𝑁 (𝑥2) 

for all (𝑥1, 𝑥2) ∈  𝑉 ×  𝑉. 

(ii) (𝜂𝐵1𝐿

𝑃 ∘ 𝜂𝐵2𝐿

𝑃 )((𝑥, 𝑥2)(𝑥, 𝑦2)) = 𝜂𝐴1𝐿

𝑃 (𝑥) ∨ 𝜂𝐵2𝐿

𝑃 (𝑥2𝑦2)  

             (𝜂𝐵1𝑈

𝑃 ∘ 𝜂𝐵2𝑈

𝑃 )((𝑥, 𝑥2)(𝑥, 𝑦2)) = 𝜂𝐴1𝑈

𝑃 (𝑥) ∨ 𝜂𝐵2𝑈

𝑃 (𝑥2𝑦2)  

                     (𝜂𝐵1𝐿

𝑁 ∘ 𝜂𝐵2𝐿

𝑁 )((𝑥, 𝑥2)(𝑥, 𝑦2)) = 𝜂𝐴1𝐿

𝑁 (𝑥) ∧ 𝜂𝐵2𝐿

𝑁 (𝑥2𝑦2) 

                      (𝜂𝐵1𝑈

𝑁 ∘ 𝜂𝐵2𝑈

𝑁 )((𝑥, 𝑥2)(𝑥, 𝑦2)) = 𝜂𝐴1𝑈

𝑁 (𝑥) ∧ 𝜂𝐵2𝑈

𝑁 (𝑥2𝑦2) 

                     (𝜁𝐵1𝐿

𝑃 ∘ 𝜁𝐵2𝐿

𝑃 )((𝑥, 𝑥2)(𝑥, 𝑦2)) = 𝜁𝐴1𝐿

𝑃 (𝑥) ∧ 𝜁𝐵2𝐿

𝑃 (𝑥2𝑦2) 

                     (𝜁𝐵1𝑈

𝑃 ∘ 𝜁𝐵2𝑈

𝑃 )((𝑥, 𝑥2)(𝑥, 𝑦2)) = 𝜁𝐴1𝑈

𝑃 (𝑥) ∧ 𝜁𝐵2𝑈

𝑃 (𝑥2𝑦2) 
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                           ( 𝜁𝐵1𝐿

𝑁 ∘ 𝜁𝐵2𝐿

𝑁 )((𝑥, 𝑥2)(𝑥, 𝑦2)) = 𝜁𝐴1𝐿

𝑁 (𝑥) ∨ 𝜁𝐵2𝐿

𝑁 (𝑥2𝑦2)   

                     ( 𝜁𝐵1𝑈

𝑁 ∘ 𝜁𝐵2𝑈

𝑁 )((𝑥, 𝑥2)(𝑥, 𝑦2)) = 𝜁𝐴1𝑈

𝑁 (𝑥) ∨ 𝜁𝐵2𝑈

𝑁 (𝑥2𝑦2)   

for all 𝑥 ∈ 𝑉1,  for all 𝑥2𝑦2 ∈ 𝐸2.  

(iii) (𝜂𝐵1𝐿

𝑃 ∘ 𝜂𝐵2𝐿

𝑃 )((𝑥1, 𝑧)(𝑦1, 𝑧)) = 𝜂𝐵1𝐿

𝑃 (𝑥1𝑦1) ∨ 𝜂𝐴2𝐿

𝑃 (𝑧)  

(𝜂𝐵1𝑈

𝑃 ∘ 𝜂𝐵2𝑈

𝑃 )((𝑥1, 𝑧)(𝑦1, 𝑧)) = 𝜂𝐵1𝑈

𝑃 (𝑥1𝑦1) ∨ 𝜂𝐴2𝑈

𝑃 (𝑧)  

( 𝜂𝐵1𝐿 
𝑁 ∘ 𝜂𝐵2𝐿

𝑁 )((𝑥1, 𝑧)(𝑦1, 𝑧)) = 𝜂𝐵1𝐿

𝑁 (𝑥1𝑦1) ∧ 𝜂𝐴2𝐿

𝑁 (𝑧) 

            ( 𝜂𝐵1𝑈 
𝑁 ∘ 𝜂𝐵2𝑈

𝑁 )((𝑥1, 𝑧)(𝑦1, 𝑧)) = 𝜂𝐵1𝑈

𝑁 (𝑥1𝑦1) ∧ 𝜂𝐴2𝑈

𝑁 (𝑧)  

                     (𝜁𝐵1𝐿

𝑃 ∘ 𝜁𝐵2𝐿

𝑃 )((𝑥1, 𝑧)(𝑦1, 𝑧)) = 𝜁𝐴2𝐿

𝑃 (𝑧) ∧ 𝜁𝐵1𝐿

𝑃 (𝑥1𝑦1) 

                     (𝜁𝐵1𝑈

𝑃 ∘ 𝜁𝐵2𝑈

𝑃 )((𝑥1, 𝑧)(𝑦1, 𝑧)) = 𝜁𝐴2𝑈

𝑃 (𝑧) ∧ 𝜁𝐵1𝑈

𝑃 (𝑥1𝑦1) 

                     ( 𝜁𝐵1𝐿

𝑁 ∘ 𝜁𝐵2𝐿

𝑁 )((𝑥1, 𝑧)(𝑦1, 𝑧)) = 𝜁𝐴2𝐿

𝑁 (𝑧) ∨ 𝜁𝐵1𝐿

𝑁 (𝑥1𝑦1) 

            ( 𝜁𝐵1𝑈

𝑁 ∘ 𝜁𝐵2𝑈

𝑁 )((𝑥1, 𝑧)(𝑦1, 𝑧)) = 𝜁𝐴2𝑈

𝑁 (𝑧) ∨ 𝜁𝐵1𝑈

𝑁 (𝑥1𝑦1)   

for all 𝑧 ∈ 𝑉2, for all 𝑥1𝑦1 ∈ 𝐸1. 

(v)        (𝜂𝐵1𝐿

𝑃 ∘ 𝜂𝐵2𝐿

𝑃 )((𝑥1, 𝑥2)(𝑦1𝑦2)) =∨ {𝜂𝐴2𝐿

𝑃 (𝑥2), 𝜂𝐴2𝐿

𝑃 (𝑦2), 𝜂𝐵1𝐿

𝑃 (𝑥1𝑦1)}       

   (𝜂𝐵1𝑈

𝑃 ∘ 𝜂𝐵2𝑈

𝑃 )((𝑥1, 𝑥2)(𝑦1𝑦2)) =∨ {𝜂𝐴2𝑈

𝑃 (𝑥2), 𝜂𝐴2𝑈

𝑃 (𝑦2), 𝜂𝐵1𝑈

𝑃 (𝑥1𝑦1)}  

                     (𝜂𝐵1𝐿

𝑁 ∘ 𝜂𝐵2𝐿

𝑁 )((𝑥1, 𝑥2)(𝑦1, 𝑦2)) =∧ {𝜂𝐴2𝐿

𝑁 (𝑥2), 𝜂𝐴2𝐿

𝑁 (𝑦2), 𝜂𝐵1𝐿

𝑁 (𝑥1𝑦1)}  

         (𝜂𝐵1𝑈

𝑁 ∘ 𝜂𝐵2𝑈

𝑁 )((𝑥1, 𝑥2)(𝑦1, 𝑦2)) =∧ {𝜂𝐴2𝑈

𝑁 (𝑥2), 𝜂𝐴2𝑈

𝑁 (𝑦2), 𝜂𝐵1𝑈

𝑁 (𝑥1𝑦1)} 

                (𝜁𝐵1𝐿

𝑃 ∘ 𝜁𝐵2𝐿

𝑃 )((𝑥1, 𝑥2)(𝑦1𝑦2)) = ∧ {𝜁𝐴2𝐿

𝑃 (𝑥2), 𝜁𝐴2𝐿

𝑃 (𝑦2), 𝜁𝐵1𝐿

𝑃 (𝑥1𝑦1)}       

(𝜁𝐵1𝑈

𝑃 ∘ 𝜁𝐵2𝑈

𝑃 )((𝑥1, 𝑥2)(𝑦1𝑦2)) = ∧ {𝜁𝐴2𝑈

𝑃 (𝑥2), 𝜁𝐴2𝑈

𝑃 (𝑦2), 𝜁𝐵1𝑈

𝑃 (𝑥1𝑦1)}  

                       (𝜁𝐵1𝐿

𝑁 ∘ 𝜁𝐵2𝐿

𝑁 )((𝑥1, 𝑥2)(𝑦1, 𝑦2)) =∨ {𝜁𝐴2𝐿

𝑁 (𝑥2), 𝜁𝐴2𝐿

𝑁 (𝑦2), 𝜁𝐵1𝐿

𝑁 (𝑥1𝑦1)}  

 (𝜁𝐵1𝑈

𝑁 ∘ 𝜁𝐵2𝑈

𝑁 )((𝑥1, 𝑥2)(𝑦1, 𝑦2)) =∨ {𝜁𝐴2𝑈

𝑁 (𝑥2), 𝜁𝐴2𝑈

𝑁 (𝑦2), 𝜁𝐵1𝑈

𝑁 (𝑥1𝑦1)} 

for all (𝑥1, 𝑥2)(𝑦1𝑦2) ∈ 𝐸0\𝐸. 
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Example 3.2.7: Consider the graph shown in figure 3 where 

𝑎 = (0.1,0.5, −0.5, −0.1,0.3,0.5, −0.5, −0.3); 𝑏 = (0.2,0.5, −0.6, −0.2,0.1,0.4, −0.4, −0.1) 

𝑐 = (0.3,0.6, −0.6, −0.4,0.1,0.4, −0.4, −0.2); 𝑑 = (0.2,0.5, −0.6, −0.3,0.3,0.6, −0.4, −0.2)   

we get the values of the vertices in 𝐺1 × 𝐺2  as  

(𝑎, 𝑐) = (0.3,0.6, −0.6, −0.4,0.1,0.4, −0.4, −0.2) 

(𝑎, 𝑑) = (0.2,0.5, −0.6, −0.3,0.3,0.5, −0.4, −0.2) 

(𝑏, 𝑐) = (0.3,0.6, −0.6, −0.4,0.1,0.4, −0.4, −0.1) 

(𝑏, 𝑑) = (0.2,0.5, −0.6, −0.2,0.1,0.4, −0.4, −0.1) 

and edges in 𝐺1 × 𝐺2  as 

(𝑎, 𝑐)(𝑎, 𝑑) = (0.4,0.6, −0.6, −0.5,0.2,0.5, −0.4, −0.3) 

(𝑏, 𝑐)(𝑏, 𝑑) = (0.4,0.6, −0.6, −0.5,0. ,0.4, −0.4, −0.1) 

(𝑎, 𝑐)(𝑏, 𝑐) = (0.3,0.6, −0.7, −0.4,0.1,0.4, −0.4, −0.2) 

(𝑎, 𝑑)(𝑏, 𝑑) = (0.3,0.6, −0.7, −0.3,0.2,0.4, −0.4, −0.2) 

(𝑎, 𝑐)(𝑏, 𝑑) = (0.3,0.6, −0.7, −0.4,0.1,0.4, −0.4, −0.4) 

(𝑎, 𝑑)(𝑏, 𝑐) = (0.3,0.6, −0.7, −0.3,0.2,0.4, −0.4, −0.4) 

Proposition 3.2.8   

If 𝐺1  and 𝐺2are BIVAIF graphs, then 𝐺1[𝐺2] is a BIVAIF graph. 

 Proof:   

Let 𝑥 ∈ 𝑉1 and 𝑥2𝑦2 ∈ 𝐸2. Then 

               (𝜂𝐵1𝐿

𝑝 ∘ 𝜂𝐵2𝐿

𝑝 )(𝑥, 𝑥2)(𝑥, 𝑦2) = 𝜂𝐴1𝐿

𝑃 (𝑥) ∨ 𝜂𝐵2𝐿

𝑃 (𝑥2𝑦2) 

                          ≥ ∨ {𝜂𝐴1𝐿

𝑃 (𝑥), 𝜂𝐴2𝐿

𝑃 (𝑥2) ∨ 𝜂𝐴2𝐿

𝑃 (𝑦2)} 

                          = ∨ 𝜂𝐴1𝐿

𝑃 (𝑥) ∨ 𝜂𝐴2𝐿

𝑃 (𝑥2), 𝜂𝐴1𝐿

𝑃 (𝑥) ∨ 𝜂𝐴2𝐿

𝑃 (𝑦2)} 

                          = (𝜂𝐴1𝐿

𝑃 ∘ 𝜂𝐴2𝐿

𝑃 )(𝑥, 𝑥2) ∨ (𝜂𝐴1𝐿

𝑃 ∘ 𝜂𝐴2𝐿

𝑃 (𝑥, 𝑦2)) 

Similarly (𝜂𝐵1𝑈

𝑝 ∘ 𝜂𝐵2𝑈

𝑝 )(𝑥, 𝑥2)(𝑥, 𝑦2) ≥ (𝜂𝐴1𝑈

𝑃 ∘ 𝜂𝐴2𝑈

𝑃 )(𝑥, 𝑥2) ∨ (𝜂𝐴1𝑈

𝑃 ∘ 𝜂𝐴2𝑈

𝑃 (𝑥, 𝑦2)) 

(𝜂𝐵1𝐿

𝑁 ∘ 𝜂𝐵2𝐿

𝑁 )((𝑥, 𝑥2)(𝑥, 𝑦2)) = 𝜂𝐴1𝐿

𝑁 (𝑥) ∧ 𝜂𝐵2𝐿

𝑁 (𝑥2𝑦2) 
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                          ≤ ∧ {𝜂𝐴1𝐿

𝑁 (𝑥), 𝜂𝐴2𝐿

𝑁 (𝑥2) ∧ 𝜂𝐴2𝐿

𝑁 (𝑦2)} 

                          = ∧ {𝜂𝐴1𝐿

𝑁 (𝑥) ∧ 𝜂𝐴2𝐿

𝑁 (𝑥2), 𝜂𝐴1𝐿

𝑁 (𝑥) ∧ 𝜂𝐴2𝐿

𝑁 (𝑦2)} 

                          = (𝜂𝐴1𝐿

𝑁 ∘ 𝜂𝐴2𝐿

𝑁 )(𝑥, 𝑥2) ∧ (𝜂𝐴1𝐿

𝑁 ∘ 𝜂𝐴2𝐿

𝑁 )(𝑥, 𝑦2). 

                 (𝜁𝐵1𝐿

𝑃 ∘ 𝜁𝐵2𝐿

𝑃 )((𝑥, 𝑥2)(𝑥, 𝑦2)) = 𝜁𝐴1𝐿

𝑃 (𝑥) ∧ 𝜁𝐵2𝐿

𝑃 (𝑥2𝑦2) 

                           ≥∧ {𝜁𝐴1𝐿

𝑃 (𝑥), 𝜁𝐴2𝐿

𝑃 (𝑥2) ∧ 𝜁𝐴2𝐿

𝑃 (𝑦2)} 

                           =∧ {𝜁𝐴1𝐿

𝑃 (𝑥) ∧ 𝜁𝐴2𝐿

𝑃 (𝑥2)) , 𝜁𝐴1𝐿

𝑃 (𝑥) ∧ 𝜁𝐴2𝐿

𝑃 (𝑦2)} 

                           = (𝜁𝐴1𝐿

𝑃 ∘ 𝜁𝐴2𝐿

𝑃 )(𝑥, 𝑥2) ∧ (𝜁𝐴1𝐿

𝑃 ∘ 𝜁𝐴2𝐿

𝑃 )(𝑥, 𝑦2). 

                 (𝜁𝐵1𝐿

𝑁 ∘ 𝜁𝐵2𝐿

𝑁 )((𝑥, 𝑥2)(𝑥, 𝑦2)) = 𝜁𝐴1𝐿

𝑁 (𝑥) ∨ 𝜁𝐵2𝐿

𝑁 (𝑥2𝑦2) 

                           ≤∨ {𝜁𝐴1𝐿

𝑁 (𝑥), (𝜁𝐴2𝐿

𝑁 (𝑥2) ∨ 𝜁𝐴2𝐿

𝑁 (𝑦2)} 

                            =∨ {𝜁𝐴1𝐿

𝑁 (𝑥) ∨ 𝜁𝐴2𝐿

𝑁 (𝑥2), 𝜁𝐴1𝐿

𝑁 (𝑥) ∨ 𝜁𝐴2𝐿

𝑁 (𝑦2)} 

                           = (𝜁𝐴1𝐿

𝑁 ∘ 𝜁𝐴2𝐿

𝑁 )(𝑥, 𝑥2) ∨ (𝜁𝐴2𝐿

𝑁 ∘ 𝜁𝐴1𝐿

𝑁 )(𝑥, 𝑦2). 

Similarly the other results can be derived.  

     Let 𝑧 ∈ 𝑉2,𝑎𝑛𝑑 𝑥1𝑦1 ∈ 𝐸1. Thus 

                (𝜂𝐵1𝐿

𝑃 ∘ 𝜂𝐵2𝐿

𝑃 )((𝑥1, 𝑧)(𝑦1, 𝑧) = 𝜂𝐵1𝐿

𝑃 (𝑥1𝑦1) ∨ 𝜂𝐴2𝐿

𝑃 (𝑧) 

                           ≥ ∨ {(𝜂𝐴1𝐿

𝑃 (𝑥1) ∨ 𝜂𝐴1𝐿

𝑃 (𝑦1)) , 𝜂𝐴2𝐿

𝑃 (𝑧)} 

                           = ∨ {𝜂𝐴1𝐿

𝑃 (𝑥1) ∨ 𝜂𝐴2𝐿

𝑃 (𝑧), 𝜂𝐴1𝐿

𝑃 (𝑦1) ∨ 𝜂𝐴2𝐿

𝑃 (𝑧)} 

                           = (𝜂𝐴1𝐿

𝑃 ∘ 𝜂𝐴2𝐿

𝑃 )(𝑥1, 𝑧) ∨ (𝜂𝐴1𝐿

𝑃 ∘ 𝜂𝐴2𝐿

𝑃 (𝑦1, 𝑧)) 

               (𝜂𝐵1𝐿

𝑁 ∘ 𝜂𝐵2
𝑁 )((𝑥1, 𝑧)(𝑦1, 𝑧)) = 𝜂𝐵1𝐿

𝑁 (𝑥1𝑦1) ∧ 𝜂𝐴2𝐿

𝑁 (𝑧) 

                            ≤∧ {𝜂𝐴1𝐿

𝑁 (𝑥1) ∧ 𝜂𝐴1𝐿

𝑁 (𝑦1), 𝜂𝐴2𝐿

𝑁 (𝑧)} 

                           =∧ {𝜂𝐴1𝐿

𝑁 (𝑥1) ∧ 𝜂𝐴2𝐿

𝑁 (𝑧), 𝜂𝐴1𝐿

𝑁 (𝑦1) ∧ 𝜂𝐴2𝐿

𝑁 (𝑧)} 

                           = (𝜂𝐴1𝐿

𝑁 ∘ 𝜂𝐴2𝐿

𝑁 )(𝑥1, 𝑧) ∧ (𝜂𝐴1𝐿

𝑁 ∘ 𝜂𝐴2𝐿

𝑁 )(𝑦1, 𝑧). 
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              (𝜁𝐵1𝐿

𝑃 ∘ 𝜁𝐵2𝐿

𝑃 )((𝑥1, 𝑧)(𝑦1, 𝑧) = 𝜁𝐵1𝐿

𝑃 (𝑥1𝑦1) ∧ 𝜁𝐴2𝐿

𝑃 (𝑧) 

                           ≥ ∧ {(𝜁𝐴1𝐿

𝑃 (𝑥1) ∧ 𝜁𝐴1𝐿

𝑃 (𝑦1)) , 𝜁𝐴2𝐿

𝑃 (𝑧)} 

                          = ∧ {𝜁𝐴1𝐿

𝑃 (𝑥1) ∧ 𝜁𝐴2𝐿

𝑃 (𝑧), 𝜁𝐴1𝐿

𝑃 (𝑦1) ∧ 𝜁𝐴2𝐿

𝑃 (𝑧)} 

                          = (𝜁𝐴1𝐿

𝑃 ∘ 𝜁𝐴2𝐿

𝑃 )(𝑥1, 𝑧) ∧ (𝜁𝐴1𝐿

𝑃 ∘ 𝜁𝐴2𝐿

𝑃 (𝑦1, 𝑧)) 

             (𝜁𝐵1𝐿

𝑁 ∘ 𝜁𝐵2𝐿

𝑁 )((𝑥1, 𝑧)(𝑦1, 𝑧)) = 𝜁𝐵1𝐿

𝑁 (𝑥1𝑦1) ∨ 𝜁𝐴2𝐿

𝑁 (𝑧) 

                           ≤∨ {𝜁𝐴1𝐿

𝑁 (𝑥1) ∨ 𝜁𝐴1𝐿

𝑁 (𝑦1), 𝜁𝐴2𝐿

𝑁 (𝑧)} 

                          =∨ {𝜁𝐴1𝐿

𝑁 (𝑥1) ∨ 𝜁𝐴2𝐿

𝑁 (𝑧), 𝜁𝐴1𝐿

𝑁 (𝑦1) ∨ 𝜁𝐴2𝐿

𝑁 (𝑧)} 

                          = (𝜁𝐴1𝐿

𝑁 ∘ 𝜁𝐴2𝐿

𝑁 )(𝑥1, 𝑧) ∨ (𝜁𝐴1𝐿

𝑁 ∘ 𝜁𝐴2𝐿

𝑁 )(𝑦1, 𝑧). 

Let (𝑥1, 𝑥2)(𝑦1, 𝑦2) ∈ 𝐸(0)\𝐸. Then 𝑥1𝑦1 ∈ 𝐸1, 𝑥2 ≠ 𝑦2.Thus, 

          (𝜂𝐵1𝐿

𝑝 ∘ 𝜂𝐵2𝐿

𝑝 )((𝑥1, 𝑥2)(𝑦1, 𝑦2)) =∨ {𝜂𝐴2𝐿

𝑃 (𝑥2). 𝜂𝐴2𝐿

𝑃 (𝑦2), 𝜂𝐵2
𝑃 (𝑥1𝑦1)} 

                                ≥ ∨ {𝜂𝐴2𝐿

𝑃 (𝑥2), 𝜂𝐴2𝐿

𝑃 (𝑦2), 𝜂𝐴1𝐿

𝑃 (𝑥1) ∨ 𝜂𝐴1𝐿

𝑃 (𝑦1)}  

                                        = ∨ {𝜂𝐴1𝐿

𝑃 (𝑥1) ∨ 𝜂𝐴2𝐿

𝑃 (𝑥2), 𝜂𝐴1𝐿

𝑃 (𝑦1) ∨ 𝜂𝐴2𝐿

𝑃 (𝑦2)} 

                            = (𝜂𝐴1𝐿

𝑃 ∘ 𝜂𝐴2𝐿

𝑃 )(𝑥1, 𝑥2) ∨ (𝜂𝐴1𝐿

𝑃 ∘ 𝜂𝐴2𝐿

𝑃 )(𝑦1, 𝑦2) 

 (𝜂𝐵1𝐿

𝑁 ∘ 𝜂𝐵2𝐿

𝑁 )((𝑥1, 𝑥2)(𝑦1, 𝑦2)) =∧ {𝜂𝐴2𝐿

𝑁 (𝑥2). 𝜂𝐴2𝐿

𝑁 (𝑦2), 𝜂𝐵2𝐿

𝑁 (𝑥1𝑦1)} 

                               ≤ ∧ {𝜂𝐴2𝐿

𝑁 (𝑥2), 𝜂𝐴2𝐿

𝑁 (𝑦2), 𝜂𝐴1𝐿

𝑁 (𝑥1) ∧ 𝜂𝐴1𝐿

𝑁 (𝑦1)}  

                                      = ∧ {𝜂𝐴1𝐿

𝑁 (𝑥1) ∧ 𝜂𝐴2𝐿

𝑁 (𝑥2), 𝜂𝐴1𝐿

𝑁 (𝑦1) ∧ 𝜂𝐴2𝐿

𝑁 (𝑦2)} 

                            = (𝜂𝐴1𝐿

𝑁 ∘ 𝜂𝐴2𝐿

𝑁 )(𝑥1, 𝑥2) ∧ (𝜂𝐴1𝐿

𝑁 ∘ 𝜂𝐴2𝐿

𝑁 )(𝑦1, 𝑦2) 

 (𝜁𝐵1𝐿

𝑝 ∘ 𝜁𝐵2𝐿

𝑝 )((𝑥1, 𝑥2)(𝑦1, 𝑦2)) =∧ {𝜁𝐴2𝐿

𝑃 (𝑥2). 𝜁𝐴2𝐿

𝑃 (𝑦2), 𝜁𝐵2𝐿

𝑃 (𝑥1𝑦1)} 

                               ≥   ∧ {𝜁𝐴2𝐿

𝑃 (𝑥2), 𝜁𝐴2𝐿

𝑃 (𝑦2), 𝜁𝐴1𝐿

𝑃 (𝑥1) ∧ 𝜁𝐴1𝐿

𝑃 (𝑦1)}  

                                        = ∧ {𝜁𝐴1𝐿

𝑃 (𝑥1) ∧ 𝜁𝐴2𝐿

𝑃 (𝑥2), 𝜁𝐴1𝐿

𝑃 (𝑦1) ∧ 𝜁𝐴2𝐿

𝑃 (𝑦2)} 

                             = (𝜁𝐴1𝐿

𝑃 ∘ 𝜁𝐴2𝐿

𝑃 )(𝑥1, 𝑥2) ∧ (𝜁𝐴1𝐿

𝑃 ∘ 𝜁𝐴2𝐿

𝑃 )(𝑦1, 𝑦2) 
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 (𝜁𝐵1𝐿

𝑁 ∘ 𝜁𝐵2𝐿

𝑁 )((𝑥1, 𝑥2)(𝑦1, 𝑦2)) =∨ {𝜁𝐴2𝐿

𝑁 (𝑥2). 𝜁𝐴2𝐿

𝑁 (𝑦2), 𝜁𝐵2𝐿

𝑁 (𝑥1𝑦1)} 

                                ≤ ∨ {𝜁𝐴2𝐿

𝑁 (𝑥2), 𝜁𝐴2𝐿

𝑁 (𝑦2), 𝜁𝐴1𝐿

𝑁 (𝑥1) ∨ 𝜁𝐴1𝐿

𝑁 (𝑦1)}  

                                        = ∨ {𝜁𝐴1𝐿

𝑁 (𝑥1) ∨ 𝜁𝐴2𝐿

𝑁 (𝑥2), 𝜁𝐴1𝐿

𝑁 (𝑦1) ∨ 𝜁𝐴2𝐿

𝑁 (𝑦2)} 

                             = (𝜁𝐴1𝐿

𝑁 ∘ 𝜁𝐴2𝐿

𝑁 )(𝑥1, 𝑥2) ∨ (𝜁𝐴1𝐿

𝑁 ∘ 𝜁𝐴2𝐿

𝑁 )(𝑦1, 𝑦2) 

Similarly all other cases can be derived. 

 

CONCLUSION 

In this paper we introduce the notion of bipolar anti intuitionistic fuzzy graph and discuss the 

various operations such as composition, Cartesian product and their union of two bipolar anti 

intuitionistic fuzzy graph. Also we have introduced the notion of bipolar interval valued anti 

intuitionistic fuzzy graph and the various operations such as composition, Cartesian product of two 

bipolar interval valued anti intuitionistic fuzzy graph. 
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