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          Chapter-I deals with Introduction, Review of Literature and the concepts 

of graph theory which are used in our research work likes Fuzzy Set, 
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Structures and also discussed some examples for trees, cycles and complement. 
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CHAPTER-1 

1.1 INTRODUCTION 
                  Set theory is a basis of modern mathematics, and notions of sets are 

used in all formal descriptions. All other notions of mathematics can be built up 

based on the set theory. 

               Fuzzy sets were introduced by Zadeh (1965). The notion of fuzzy set 

theory has caused great interest among both pure and applied mathematics. This 

day’s fuzzy set hypothesis has arisen as a likely space of interdisciplinary 

exploration. It has fruitful applications in different fields as a phenomenal 

apparatus for addressing human information and discernment. Zadeh (1971) 

introduced a similarity relation, which is a fuzzy relation which is reflexive, 

symmetric, and transitive. He also introduced a fuzzy ordering, which is a fuzzy 

relation which is transitive. In particular, a fuzzy partial ordering, is a fuzzy 

ordering that is reflexive and antisymmetric. 

                 Atanassov (1983) introduced the concept of Intuitionistic Fuzzy Set 

as a generalisation of fuzzy sets. Intuitionistic fuzzy models provide more 

precision, flexibility and compatibility to the system compared to the fuzzy 

models and he also added new components that determine the degree of non-

membership in the definition of fuzzy set. The fuzzy sets give the degree of 

membership, while intuitionistic fuzzy sets give both the degree of membership 

and the degree of non-membership, which are more or less independent from 

each other; the only requirement is that the sum of these two degrees is not 

greater than one. Intuitionistic fuzzy sets have been applied in a wide variety of 

fields, including computer science, engineering, mathematics, medicine, 

chemistry, and economics.  

                Atanassov (1989) introduced new results on intuitionistic fuzzy sets 

and also defined two new operations on intuitionistic fuzzy sets and their basic 

properties. Young et al. (2005) using the notion intuitionistic fuzzy sets, the 

concept of intuitionistic fuzzy semi-preopen sets and intuitionistic fuzzy semi 

pre continuous mappings are introduced. 

                 Yager et al. (2013) has proposed the Pythagorean Fuzzy Set (PFS) as 

an effective tool for handling the uncertainty or vague information more 

adequately in real-world situations. In PFSs, the sum of squares of the degrees 
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of membership and non-membership is less than or equal to 1. For example, if 

a decision maker provides the membership degree 0.6 and non-membership 

degree 0.7 in his evaluation, then this situation cannot handle by intuitionistic 

fuzzy set theory because of 0.6 +0.7>1. However, it is easily observed that

1)7.0()6.0( 22  , that is to say, the Pythagorean Fuzzy Set (PFS) is capable 

to represent this evaluation information. In other words, the PFSs are more 

powerful to handle problems in uncertain situations. Under PFS environment, 

many researchers have started work in different directions and obtained various 

significant results.  

              Yager (2014) introduces a class of nonstandard Pythagorean fuzzy 

subsets with membership grades of pairs (a,b), satisfying the requirement 

122  ba , as well as a number of aggregation operations for these 

Pythagorean fuzzy subsets. Garg (2017) has proposed the improved score 

function for the ranking order of Interval-Valued Pythagorean Fuzzy Sets 

(IVPFSs). Based on it, a Pythagorean fuzzy Technique for Order of Preference 

by Similarity to Ideal Solution (TOPSIS) method by taking the preferences of 

the experts in the form of interval-valued intuitionistic Pythagorean fuzzy 

decision matrices has been presented. Garg (2018) proposes an improved score 

function for solving Multi-Criteria Decision-Making (MCDM) problems that 

takes the form of interval valued Pythagorean fuzzy sets. Peng et al. (2019), they 

developed two novel algorithms for decision-making problems in a Pythagorean 

fuzzy environment. 

                In Mathematics, Graph theory is the investigation of graphs, which 

are numerical designs used to display the relationship between two or more 

objects or with set of vertices and edges. Mathematics plays an essential role in 

our day to day life. The graph theory origin can be traced back to Euler’s work 

on the Konigsberg bridges problem in 1735. Denes Konig (1936) wrote the first 

book on graph theory. There is wide utilization of graph theory. The concepts 

of graph theory have applications in many areas of computer science (such as 

data mining, image segmentation, clustering, image capturing, networking, 

etc.). 

              The Kaufmann (1973) gave first definition of fuzzy graph based on 

Zadeh’s fuzzy relations. But it was Rosenfeld who laid the foundations for fuzzy 
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graph theory in 1975. Generalization of fundamental ideas of graph theory like 

paths, cycles, trees, connectedness, and their properties to fuzzy graph theory 

have been done by Rosenfeld. Fuzzy graph models can address the complex, 

imprecise and uncertain problems where classical graph models may fail. Thus, 

a fuzzy graph representation is more appropriate to reality than crisp graph 

representation. Fuzzy graph theory has applications in the modern science and 

technology especially in the fields of information theory, neural network, expert 

systems, cluster analysis, medical diagnosis, control theory, etc. Bhattacharya 

(1987) introduced the notions of eccentricity and centre on the fuzzy graph. 

Myna (2015) proposed using a fuzzy graph model to represent the traffic 

network of a city and discussed a method to find the different type of accidental 

zones in traffic flows using edge colouring of a fuzzy graph. Radha et al. (2015) 

studied on lexicographic products of two fuzzy graphs. 

           Atanassov et al. (2006) discussed a new generalization of the 

intuitionistic fuzzy graphs, using as a basis the concepts of intuitionistic fuzzy 

sets, intuitionistic fuzzy relations and index matrices. Parvathi et al. (2006) gave 

a new definition for min-max intuitionistic fuzzy graph. Some properties of 

intuitionistic fuzzy graphs are analyzed through suitable illustrations. 

Karunambigai et al. (2007) studied shortest paths in networks by using 

intuitionistic fuzzy graph method. Akram et al. (2012) define and investigate the 

4 properties of strong intuitionistic fuzzy graphs, and discuss some propositions 

of self-complementary and self-weak complementary strong intuitionistic fuzzy 

graphs, and introduce the concept of intuitionistic fuzzy line graphs. 

             Recently, Naz et al. (2018) initially presented the idea of Pythagorean 

Fuzzy Graph (PFG). Akram et al. (2018) introduced certain notions, including 

intuitionistic fuzzy Graphs of 3-Type (IFGs3T), Intuitionistic Fuzzy Graphs of 

4-Type (IFGs4T), and Intuitionistic Fuzzy Graphs of n-Type (IFGsnT), and 

proved that every IFG (n-1)T is an IFGsnT, and also discussed the application 

of Pythagorean fuzzy graphs in decision making. Akram et al. (2019) apply the 

concept of Pythagorean fuzzy sets to graphs and then combine two Pythagorean 

Fuzzy Graphs (PFGs) using two new graph products, namely, the maximal 

product and the residue product, and also investigate the regularity of these 

products and properties such as strongness, connectedness, and completeness. 
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           Pythagorean fuzzy graph is more powerful and more practical tool having 

the capability to deal with imprecise and incomplete information in 7 different 

decision-making disciplines, such as engineering, mathematics, statistics, 

artificial intelligence, medical and social sciences than fuzzy graphs. The 

Pythagorean fuzzy graphs accurately represent the complex graphic problems. 

            In our research work, we studied the ideas of a PFGS and also 

We extended our views Pythagorean fuzzy iK - cycles, Pythagorean fuzzy  

iK -trees, complement and  -complement of a PFGS. In addition to self-

complementary and strong self complementary, the complement of a PFGS are 

deliberated. 

          Chapter-I deals with Introduction, Review of Literature and the concepts 

of graph theory which are used in our research work likes Fuzzy Set, 

Intuitionistic Fuzzy Set, Pythagorean Fuzzy Set, Fuzzy Graphs, Intuitionistic 

Fuzzy Graphs and Pythagorean Fuzzy Graphs. 

        Chapter-II deals with extended concepts of Intuitionistic Fuzzy Graph 

Structures and also discussed some examples for trees, cycles and complement. 

       Chapter-III deals with the new ideas of Pythagorean Fuzzy Graph 

Structures and also extended our concepts to some illustration for trees, cycles 

and complement.  
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1.2 REVIEW OF LITERATUE 

 

             In 1965, Zadeh was introduced a fuzzy set is a class of objects with a 

continuum of grades of membership. Such a set is characterised by a 

membership (characteristic) function that assigns to each object a grade of 

membership ranging between zero and one. The notions of inclusion, union, 

intersection, complement, relation, convexity, etc., are extended to such sets, 

and various properties of these notions in the context of fuzzy sets are 

established. 

             In 1989, Atanassov defined new results on Intuitionistic fuzzy sets. Two 

new operators on intuitionistic fuzzy sets are defined and their basic properties 

are studied.  

             In 2013, Yager introduced a new class of non-standard fuzzy subsets 

called Pythagorean fuzzy subsets and the related idea of Pythagorean 

membership grades. They discussed the negation operation and its relationship 

to the Pythagorean Theorem and compared Pythagorean fuzzy subsets with 

intuitionistic fuzzy subsets. 

           In 2014, Yager introduced a class of nonstandard Pythagorean fuzzy 

subsets whose membership grades are pairs (a,b) satisfying the requirement

122 ba . They also introduce a variety of aggregation operations for these 

Pythagorean fuzzy subsets. The issue of having to choose the best alternative in 

multicriteria decision making leads us to consider the problem of comparing 

Pythagorean membership grades. 

         In 2019, Xindong Peng et al. present an overview of the Pythagorean fuzzy 

set with the aim of offering a clear perspective on the different concepts, tools, 

and trends related to their extension. In particular, we provide two novel 

algorithms for decision-making problems in a Pythagorean fuzzy environment. 

It may serve as a foundation for developing more algorithms in decision-

making.  

             In 1971, Zadeh proposed the notion of "similarity" as defined in this 

paper is essentially a generalisation of the notion of equivalence. In the same 

vein, fuzzy ordering is a generalization of the concept of ordering. More 
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concretely, a similarity relation, S, is a fuzzy relation that is reflexive, 

symmetric, and transitive. A fuzzy ordering is a fuzzy relation which is 

transitive. In particular, a fuzzy partial ordering, P, is a fuzzy ordering which is 

reflexive and antisymmetric. 

              In 1735, graph theory was first introduced by Swiss mathematician 

Leonhard Euler by solving a Konigsberg bridge problem.  

              In 2010, Shirinivas et al. proposed an overview of graph theory 

applications in heterogeneous fields, but primarily focused on computer science 

applications that use graph theoretical concepts. An overview of various papers 

based on graph theory has been studied related to scheduling concepts and 

computer science applications, and an overview has been presented in this 

article.                                 

              In 1973, Kaufmann gave first definition of fuzzy graph based on 

Zadeh’s fuzzy relations. In 1975, Rosenfeld developed the theory of fuzzy 

graphs and also defined generalization of fundamental ideas of graph theory like 

paths, cycles, trees, connectedness, and their properties to fuzzy graph theory. 

               In 1987, Bhattacharya introduced the notions of eccentricity and centre 

on the fuzzy graph. Myna (2015) proposed using a fuzzy graph model to 

represent the traffic network of a city and discussed a method to find the 

different type of accidental zones in traffic flows using edge colouring of a fuzzy 

graph. Radha et al. (2015) studied on lexicographic products of two fuzzy 

graphs. 

            In 2006 Atanassov et al. discussed a new generalization of the 

intuitionistic fuzzy graphs, using as a basis the concepts of intuitionistic fuzzy 

sets, intuitionistic fuzzy relations and index matrices. Parvathi et al. (2006) gave 

a new definition for min-max intuitionistic fuzzy graph. Some properties of 

intuitionistic fuzzy graphs are analyzed through suitable illustrations. 

Karunambigai et al. (2007) studied shortest paths in networks by using 

intuitionistic fuzzy graph method. Akram et al. (2012) define and investigate the 

4 properties of strong intuitionistic fuzzy graphs, and discuss some propositions 

of self-complementary and self-weak complementary strong intuitionistic fuzzy 

graphs, and introduce the concept of intuitionistic fuzzy line graphs. 

             In (2017) Muhamad Akram and Rabia Akmal introduce the concept of 

an intuitionistic fuzzy graph structure (IFGS). We discuss certain notions, 
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including intuitionistic fuzzy iB -cycles, intuitionistic fuzzy iB -trees and             

 -complement of an intuitionistic fuzzy graph structure with several examples. 

and also present  -complement of an intuitionistic fuzzy graph structure along 

with self-complementary and strong self-complementary intuitionistic fuzzy 

graph structures. 

          In 2018 Muhammad Akram, Jawaria Mohsan Dar,  Sumera Naz introduce 

the concept of Pythagorean fuzzy sets to graphs and then combine two 

Pythagorean fuzzy graphs (PFGs) using two new graph products namely, 

maximal product and the residue product.  This research paper investigates the 

regularity for these products. Moreover, it discusses some eminent properties 

such as strongness, connectedness and completeness. Further, it proposes some 

necessary and sufficient conditions for G1 ∗ G2 and G1 ・ G2 to be regular. 

Finally, decision-making problems concerning evaluation of best company for 

investment and alliance partner selection of a software company are solved to 

better understand PFGs. 
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NOTATIONS 

 

 

 FS       =         Fuzzy Set  

 IFS      =         Intuitionistic Fuzzy Set  

 PFS     =         Pythagorean Fuzzy Set  

 FR       =         Fuzzy Relation  

 IFR      =         Intuitionistic Fuzzy Relation  

 PFR      =        Pythagorean Fuzzy Relation  

 CG       =        Classical Graph  

 IFG      =         Intuitionistic Fuzzy Graph  

 PFG     =         Pythagorean Fuzzy Graph  

 IFGS    =         Intuitionistic Fuzzy Graph Structure  

 PFGS   =         Pythagorean Fuzzy Graph Structure  
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1.3     PRELIMINARIES 
 

           Definition 1.3.1 

               A Fuzzy Set (FS) on a universe X is an object of the form, 

  xxuJ A \)(,  

where ]1,0[: XA  represents the membership function of J. 

           Definition 1.3.2 

              An Intuitionistic Fuzzy Set (IFS) on an universe X is an object of the 

form 

 XxxxxJ AA  /)(,)(,   

where   1,0)( xA  is called degree of membership of Jx ,   1,0)( xJ  

is called degree of non-membership of, Jx and J , J  satisfy the following 

condition  for all Xx , 1)()(  xx JJ  . 

             Definition 1.3.3 

        A Pythagorean Fuzzy Set (PFS) on a universe X is an object of the form  

 XxxJ JJ   \)(,)(,  

where  1,0: XJ  and  1,0: XJ  represent the membership and non-

membership function of K and J , J  satisfies the condition  

1)()(0 22   JJ  for all X . 

             Definition 1.3.4 

       A fuzzy set on YX   is said to be a Fuzzy Relation (FR) on Y, denoted by                     

 YxyxxyJ A  |)(,  

   where  1,0: YXR  represents the membership function of  

Definition 1.3.5 

        An Intuitionistic Fuzzy Relation (IFR) )),(,),(( yxyxR RR   in an 

universe ))(( YXRYX   is an intuitionistic fuzzy set of the form  

 YXyxyxyxyxR RR  ),(|),(,),(),,(   
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where  1,0: YXR  and  1,0: YXR . The Intuitionistic fuzzy 

relation R satisfies Xyxallforyxyx RR  ,1),(),(0  . 

Definition 1.3.6 

              A Pythagorean Fuzzy Set n  on YX   is said to be a Pythagorean 

Fuzzy Relation (PFR) on X, denoted by    

  YXxyxyxyxym AA  |),(,   

 where,  1,0: XA  and  1,0: XA  represents the membership and non-

membership functions of n , and 
A ,

A  satisfies the condition 

1)()(0 22  yx AA    for all YXxy  . 

Definition 1.3.7 

            A Classical Graph (CG) G (V, E) is a combination of a set of vertices 

nvvvV ,...,, 21 together with a set of edges neeeE ,...,, 21   such that each edge 

ke s a pair of vertices ),( ji vv and is denoted by ji vv , . 

              Definition 1.3.8 

           A Fuzzy Graph (FG) ),,( VG is a triple consisting of a nonempty set 

V together with a pair of functions  1,0: V  and  1,0: E such that for all 

Vyx , , 

).()()( yxxy    

Definition 1.3.9 

         An Intuitionistic Fuzzy Graph (IFG) on a non-empty set Y is a pair 

 nmg ,  with m  an IFS on Y  and  n  an IFR on Y such that 

     yxxy AAA    ,      yxxy AAA    

and     10  xyxy AA   for all  , Y , where  1,0: YXR  and

 1,0: YXR  represents the membership and non -membership functions 

of n , respectively.     

             Definition 1.3.10                   

           A Pythagorean Fuzzy Graph (PFG) on a non-empty set Y  is a pair

 nmg , with m a PFS on Y  and n  a PFR on Y  such that,  

     yxxy AAA    ,      yxxy AAA    ,
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and 1)()(0 22   JJ  for all x,y Y  , where,  1,0: YXA  and

 1,0: YXA  represents the membership and non -membership functions 

of n , respectively. 

              Definition 1.3.11              

       Let ),....,,,( 21

*

kEEEUG  be a graph structure and n .....,,1,  be the 

subsets nEEEU ,......,,, 21  respectively such that )()()(0 yxxyi   for all x, 

y ∈ U and Li ,...,3,2,1 . Then ).....,,( 21 kG  is a fuzzy graph structure 

of *G .  

              Definition 1.3.12                

         Let  ).....,,( 21 kG   be a fuzzy graph structure of *G . If 

)(sup ipxy  , then xy is said to be a i -edge of G. 

Definition 1.3.13            

          The strength of a i -path nxxx ....10  of a fuzzy graph structure G is 

)( 11 jji

n

j xx   for ki ,...,3,2,1 . 

              Definition 1.3.14          

                      In any fuzzy graph structure G,  

)}()({)()(2 zyxzVxyxy iiiii    , 

)}()({))(()( 11 zyxzVxyxy i

j

ii

j

ii     , 

              mj ,...,3,2 for any m ≥ 2. Also .,........}2,1),({)(  jxyxy j

ii  . 

              Definition 1.3.15          

        ),...,,,( 21 nG  Is a i  cycle if ))(sup),......,1(sup),((sup nppp  is a 

iE cycle and there exist no unique xy in the )(sup ip   such that, 

 )(sup|)()( iii puvuvxy    

Definition 1.3.16          

              ),...,,,( 21 nG  is a fuzzy i - tree if it has a partial fuzzy 

spanning sub graph structure , ),.....,,,( 21 niF  which is a i - tree where 

for all id - edges not in iF      )(xyi < )(xyi

 . 
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CHAPTER-2 

Intuitionistic Fuzzy Graph Structure 

Definition 2.1 

        Let  niEi ,...,2,1:   be a set of irreflexive, symmetric and mutually disjoint 

relations on a non-empty set U. An Intuitionistic Fuzzy Graph Structure 

(IFGS) with underlying vertex set U is denoted by ),..,,,( 21 ns BBBAG 


, where  

          A intuitionistic fuzzy set of U with ]1,0[: UA and ]1,0[: UA , 

namely the degree of membership and the degree of non membership of Ux

respectively, such that 

1)()(0  xx AA  ,       for all . 

Each iB is an intuitionistic fuzzy set of iE such that the functions ]1,0[: iB E
i

  

and ]1,0[: iB E
i

  are defined by  

)()()( yxxy AABi
   and  )()()( yxxy AABi

   

and  

1)()(0  xyxy
ii BB  , for all .,..,2,1, niUUxy                       

Equivalently an IFGS of a graph structure may be defined in the following way, 

               Let ),...,,,( 21

*

nEEEAG  be a graph structure and let 

nn BandBBBA 121 ,...,,,   be intuitionistic fuzzy subsets of  

nn EandEEEU 121 ,..,,,   , respectively. Then )....,,,,( 2,1 ns BBBAG 


 is called an 

IFGS of *G , if  

                       , )()()( yxxy AABi
   

For all ,,..,2,1, niExy i   and             

                       1)()(  xyxy
ii BB      for all UUxy   

Example 2.2   

              Let ),,( 21

* EEUG   be a graph structure such that  4321 ,,, aaaaU  , 

 32211 , aaaaE   and  41432 , aaaaE  . Let 1, BA  and 2B be intuitionistic fuzzy 

subsets of 1, EU  and 2E , respectively such that  

 )3.0,7.0,(),3.0,4.0,(),3.0,7.0,(),2.0,5.0,( 4321 aaaaA   

                    )3.0,4.0,(),3.0,5.0,( 32211 aaaaB  , 

Ux

)()()( yxxy AABi
 
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                    )2.0,1.0,(),3.0,4.0,( 41432 aaaaB  . 

Then ),,( 21 BBAGs 


 is an IFGS of as shown in Fig 2.1. 

 

Definition 2.3 

              An IFGS ),...,,,( 21 ns DDDCH 


is said to be an intuitionistic fuzzy sub 

graph structure of an IFGS ),..,,,( 21 ns BBBAG 


with underlying vertex set U, 

if AC  and ii CD  for all i, that is  

)()( xx AC     and )()( xx AC   , for all , 

and for ni ,..,2,1  

)()( xyxy
ii BD     and )()( xyx

ii BD   , for all UUxy  , 

*G

Ux
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sH


 is called an intuitionistic fuzzy spanning sub graph structure of an 

IFGS sG


, if AC  . 

          
sH


 is called an intuitionistic fuzzy partial spanning sub graph structure of 

an IFGS sG


, if it excludes some edges of sG


. 

Example 2.4 

       Consider an IFGS ),,( 21 BBAGs 


, as shown in Fig 2.2.Let  

                  )4.0,6.0,(),3.0,4.0,(),4.0,0.0,(),4.0,4.0,( 4321 aaaaC   

                  )4.0,0,(),4.0,0,( 32211 aaaaD   

                  )4.0,1.0,(),4.0,3.0,( 41432 aaaaD   

                  )3.0,4.0,(),3.0,3.0,( 32211 aaaaC   

                  )3.0,1.0,(),3.0,3.0,( 41432 aaaaC   

                  )3.0,4.0,(),3.0,5.0,( 32211 aaaaF   

                 and  )3.0,1.0,( 412 aaF  . 

By routine calculations, it is easy to see that ),,(),,,( 2121 CCAJDDCH ss 


and ),,( 21 FFAKs 


are respectively the intuitionistic fuzzy subgraph structure 

intuitionistic fuzzy spanning subgraph structure and intuitionistic fuzzy partial 

spanning subgraph structure of sG


.Their respective drawings are shown in  

Fig 2.2. 

Definition 2.5 

        Let ),..,,,( 21 ns BBBAG 


be an IFGS with underlying vertex set U. Then 

there is a edgeBi   between two vertices x and y of U, if one of the following 

is true: 

               (i) 0)(0)(  xyandxy
ii BB   

               (ii)  0)(0)(  xyandxy
ii BB   

               (iii) 0)(0)(  xyandxy
ii BB     

for some i. 
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Definition 2.6 

              For an intuitionistic fuzzy graph structure ),..,,,( 21 ns BBBAG 


 with 

vertex set U, support of iB is given by: 

  niorxyUUxyBp
ii BBi ,...,2,1,00)(:)(sup   . 

Definition 2.7 

              pathBi   of an IFGS ),..,,,( 21 ns BBBAG 


with underlying vertex set 

U, is a sequence of distinct vertices Um  ,......,, 21 , such  that  jj  1  is     a 

edgeBi   for all mj ,....,3,2 . 

Definition 2.8 

          In an IFGS ),..,,,( 21 ns BBBAG 


with underlying vertex set U, two 

vertices x and y  of U are said to be iB connected, if they are joined by   iB

path, for some  ni ,...,2,1  

Definition 2.9 

        An IFGS ),..,,,( 21 ns BBBAG 


with underlying vertex set U, is said to be 

iB strong, if for all iB edges xy  

              )()()( yxxy AABi
  ,        )()()( yxxy AABi

  , 

for some  ni ,...,2,1 . 

Example 2.10 

       Consider the IFGS ),,( 21 BBAGs 


, as shown Fig 1. Then 3221 , aaaa  are 

1B edges and 4143 , aaaa  are 2B edges, 321 aaa  and 143 aaa  are 1B and 

2B Paths respectively, 1a and 3a are 1B connected vertices of U, sG


 is  

1B strong, since  32211 ,)(sup aaaaBp   and 

                ))()((5.0)( 21211
aaaa AAB   , 

                ))()((3.0)( 21211
aaaa AAB   , 

                ))()((4.0)( 32321
aaaa AAB   , 

                ))()((3.0)( 32321
aaaa AAB   . 
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Definition 2.11 

        An IFGS ),..,,,( 21 ns BBBAG 


is said to be strong, if it is iB strong for 

all  ni ,...,2,1 . 

Definition 2.12 

      An IFGS ),..,,,( 21 ns BBBAG 


 with underlying vertex set U, is called 

complete or nBBB ,..,, 21 complete if sG


is a strong IFGS, )(sup iBp  for all 

 ni ,...,2,1 , for each pair of vertices xyUyx ,,  is a iB edge for some i. 

Example 2.13 

        Let ),,( 21 BBAGs 


 shown in Fig 3, be IFGS of the graph structure 

),,( 21

* EEUG  where,  4321 ,,, aaaaU  ,  4143311 ,, aaaaaaE  and 

 4232212 ,, aaaaaaE  .Then  sG


is a strong IFGS since it is both 1B strong and 

2B strong. Moreover )(sup 1Bp , )(sup 2Bp every pair of vertices 

belonging to U, is either a 1B edge or an 2B edge so sG


is a complete or 21BB

-complete IFGS as well. 

Definition 2.14 

           In an IFGS ),..,,,( 21 ns BBBAG 


with underlying vertex set U, 
iB - and 

iB -strengths of a iB path “ mBi
P  ....21 ”, are denoted by 

iBP.  and 
iBP.

respectively, such that 

)]([. 1
2

jjB

m

j
B ii

P  

   and )]([. 1

2
jjB

m

j
B ii

P  

 . 

Then we write, strength of the path ).,.(
iii BBB PPP   . 
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Example 2.15 

      In ),,( 21 BBAGs 


 shown in Fig.3, 14311 aaaaP   is a 1B path and 

4232 aaaP   is a 2B path and 

           2.02.04.02.0)()()(. 1443311 111
 aaaaaaP BBB  , 

           6.06.06.04.0)()()(. 1443311 111
 aaaaaaP BBB  , 

           3.03.03.0)()(. 42232 22
 aaaaP BB  , 

           6.06.04.0)()(. 42232 22
 aaaaP BB  . 

Thus, strength of 1B path )6.0,2.0().,.( 111  PPP  , strength of 2B path

)6.0,3.0().,.( 222  PPP  . 

 Definition 2.16 

         In an IFGS  ),..,,,( 21 ns BBBAG 


 with underlying vertex set U: 

iB -strength of connectedness between x  and y , is defined by 

 )()(
1

xyxy j

B
j

B ii
 



 , where ))(()( 1 xyxy
iii B

j

B

j

B    for 2j and 

 )()())(()(2 zyxzxyxy
iiiii BB

z
BBB   ,

iB -strength of connectedness 

between x  and y , is defined by  )()(
1

xyxy j

B
j

B ii
 



 , where 

))(()( 1 xyxy
iii B

j

B

j

B    for 2j and

 )()())(()(2 zyxzxyxy
iiiii BB

z
BBB   . 

Example 2.17 

      Let ),,( 21 BBAGs 


, as shown in Fig 4. be IFGS of a graph structure 

),,( 21

* EEUG  ,such that  321 ,, aaaU  ,  31211 , aaaaE   and  322 aaE 

Since, 3.0)( 211
aaB , 0)( 321

aaB , therefore  

               ,00.03.0)()())(()( 23312121

2

11111
 aaaaaaaa BBBBB   

              ,3.03.03.0)()())(()( 31123232

2

11111
 aaaaaaaa BBBBB   

              ,00.03.0)()())(()( 32213131

2

11111
 aaaaaaaa BBBBB   

              ,00.00.0)()())(()( 3221

2

31

2

31

3

11111
 aaaaaaaa BBBBB   
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Thus we have, 

                  ,3.00.0,0.0,3.0)( 211
 aaB  

                  ,3.00.0,3.0,0.0)( 321
 aaB  

                  ,3.00.0,0.0,3.0)( 311
 aaB  

and 

 Since ,0)(,3.0)(,7.0)( 323121 111
 aaaaaa BBB  therefore 

           ,3.00.03.0)()())(()( 23312121

2

11111
 aaaaaaaa BBBBB   

           ,7.03.07.0)()())(()( 31123232

2

11111
 aaaaaaaa BBBBB   

           ,7.00.07.0)()())(()( 32213131

2

11111
 aavaaaaaa BBBBB   

           ,7.00.07.0)()())(()( 2331

2

21

2

21

3

11111
 aaaaaaaa BBBBB   

           ,3.03.03.0)()())(()( 3112

2

32

2

32

3

11111
 aaaaaaaa BBBBB   

           ,3.00.03.0)()())(()( 3221

2

31

2

31

3

11111
 aaaaaaaa BBBBB   

and 

           ,3.00.03.0)()())(()( 2331

3

21

3

21

4

11111
 aaaaaaaa BBBBB   

           ,7.03.07.0)()())(()( 3112

3

32

3

32

4

11111
 aaaaaaaa BBBBB   

           ,7.00.07.0)()())(()( 3221

3

31

3

31

4

11111
 aaaaaaaa BBBBB   

Thus we have, 

                              ,7.03.0,7.0,3.0,7.0)( 211
 aaB  

                              ,7.07.0,3.0,7.0,0.0)( 321
 aaB  

                              ,7.07.0,3.0,7.0,3.0)( 311
 aaB  
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By similar calculations, it can be easily checked that 

0)( 212
 aaB ,      5.0)( 322

 aaB ,    0)( 312
 aaB , 

3.0)( 212
 aaB ,    3.0)( 322

 aaB ,     3.0)( 312
 aaB . 

Definition 2.18 

          An IFGS ),..,,,( 21 ns BBBAG 


of a graph structure 

),...,,,( 21

*

nEEEUG  is a iB -cycle, if *G is an iE -cycle. 

Definition 2.19 

         An IFGS ),..,,,( 21 ns BBBAG 


of a graph structure ),...,,,( 21

*

nEEEUG   

is an intuitionistic fuzzy iB -cycle for some i, if following conditions hold: 

              (i) sG


 is a iB -cycle 

(ii) There is no unique iB -edge uv  in sG


, such that         

 )(sup:)(min)( iiBB BpExyxyuv
ii

 

 )(sup:)(max)( iiBB BpExyxyuv
ii

   

Example 2.20 

                  IFGS ),,( 21 BBAGs 


 shown in Fig 3, is a 1B -cycle as well as 

intuitionistic fuzzy 1B -cycle, since ))(sup),(sup),((sup 21 BpBpAp  is an         

1E -cycle and there are 1B -edges with minimum degree of membership and two 

1B -edges with maximum degree of non-membership of all 1B -edges. 

              Definition 2.21 

                 An IFGS ),..,,,( 21 ns BBBAG 


 of a graph structure 

),...,,,( 21

*

nEEEUG  is a    iB -tree, if ))(sup....,),(sup),((sup 1 nBpBpAp  is 

an iE -tree.  In other words, sG


 is a iB -tree if the sub graph of sG


, induced by 

)(sup iBp  forms a tree. 

Definition 2.22 

                An IFGS ),..,,,( 21 ns BBBAG 


of a graph structure 

),...,,,( 21

*

nEEEUG  is an intuitionistic fuzzy iB -tree (intuitionistic fuzzy iB

-forest), if sG


has an intuitionistic fuzzy partial spanning subgraph structure  
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),...,,,( 21 ns CCCAH 


, such that 
sH


 is a iC -tree  ( iC -forest) and 

)()( xyxy
ii CB

   and  )()( xyxy
ii CB

  for all iB -edges not in 
sH


. 

Example 2.23 

               The IFGS, shown in Fig. 3, is a 2B -tree but not an intuitionistic fuzzy 

2B -tree. While IFGS ),,( 21 BBAGs 


, shown in Fig 2. 5, is not a 1B -tree but 

an intuitionistic fuzzy    1B -tree, since it has an intuitionistic fuzzy partial 

spanning sub graph structure ),,( '

2

'

1 BBA as a 1B -tree , which is obtained by 

deleting 1B -edge 41aa  from sG


, with )(4.03.0)( 4141 '
11

aaaa
BB

   and  

)(6.05.0)( 4141 '
11

aaaa
BB

  . 

Definition 2.24 

           An IFGS ),...,,,( 1121111 ns BBBAG 


 of a GS, ),...,,,( 112111

*

1 nEEEUG  is 

isomorphic to IFGS ),...,,,( 2222122 ns BBBAG 


of ),...,,,( 222212

*

2 nEEEUG  , if 

there exist a bijection 21: UUf  and a permutation  on the set n,..,2,1 , such 

that : 

))(()()),(()( 1111 2121
ufuufu AAAA         for all 11 Uu   

and for ji )(   

)),()(()()),()(()( 2112121 2121
ufufuufufuu

jiji BBBB    

for all .,...,3,2,1,121 niEuu i   
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Definition 2.25 

            An IFGS ),...,,,( 1121111 ns BBBAG 


of GS ),...,,,( 112111

*

1 nEEEUG  is 

identical to an IFGS ),...,,,( 2222122 ns BBBAG 


of ),...,,,( 222212

*

2 nEEEUG  , if 

there exist a bijection UUf : , such that: 

))(()()),(()(
2121

ufuufu AAAA      for all Uu   

and  

)),()(()()),()(() 2112121 2121
ufufuufufuu

iiii BBBB    

for all .,...,3,2,1,121 niEuu i   

Example 2.26 

               
1s

G


and 
2sG


as shown in Fig 2.6 and Fig 2.7 , are IFGSs of graph 

structures ),,,,( 4321

*

1 EEEEUG   and ),,,,( '

4

'

3

'

2

'

1

*

2 EEEEUG   respectively, 

where, 

  543211 ,,,, aaaaaU  ,  52211 , aaaaE   

  42322 , aaaaE  ,          54313 , aaaaE   

          43514 , aaaaE  ,           543212 ,,,, bbbbbU   

 4342

'

1 , bbbbE  ,           5441

'

2 , bbbbE   

  5321

'

3 , bbbbE  ,            3251

'

4 , bbbbE   

Then 
1s

G


 is isomorphic to 
2sG


under the mapping 21: UUf  , given by  
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,)()()()(,)( 152433,4251 bafbafbafbafbaf   

and a permutation  given by  

,4)4(3)3(1)2(2)1(    

such that  

         ))(()()),(()(
22 iAiAiAiA afaafa

ii
   

for all, andUai ,1  

)),()(()()),()(()(
)()( jiBjiBjiBjiB afafaaafafaa

kkkk 
   

for all, .4,3,2,1,  kEaa kji   

also, 
1s

G


 is identical with  
2sG


under the mapping 21: UUf  , given by 

,)()()()(,)( 251453,4231 bafbafbafbafbaf   

such that 

           ))(()()),(()(
22 iAiAiAiA afaafa

ii
  , 

for all 1Uai  and  

)),()(()()),()(()( '' jiBjiBjiBjiB afafaaafafaa
kkkk

   

for all .4,3,2,1,  kEaa kji   

 

Remark 2.27  

                Identical IFGSs are always isomorphic but the converse is not 

necessarily true. As IFGS shown in Fig. 3 is isomorphic to IFGS shown in   Fig. 

8 but they are not identical. 
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Definition 2.28 

                        Let  ),..,,,( 21 ns BBBAG 


 be an intuitionistic fuzzy graph 

structure ),...,,,( 21

*

nEEEUG  . Let   denote a permutation on the set 

},...,,{ 21 nEEE and the corresponding permutation on },..,,{ 21 nBBB ,i.e., 

ji BB )(  iff  ji EE )( for all i. 

If rBxy for some r and  

             ),()()()( xyyxxy
ji

B
ij

AAB  

  

             ,,...,2,1),()()()( nixyyxxy
ji

B
ij

AAB



   

Then, 
mBxy ; while m is chosen such that )()( xyxy

im BB     and

)()( xyxy
im BB    for all i. Then, IFGS ),...,,,( 21


nBBBA denoted by c

sG


, is 

called the  -complement of IFGS sG


. 

Theorem 2.29 

             A  -complement of an intuitionistic fuzzy graph structure is always a 

strong IFGS. Moreover if ri )( for r,  ni ,.....,2,1 , then all rB -edges in 

IFGS ),..,,,( 21 ns BBBAG 


 become 

iB -edges in ),...,,,( 21


n

c

s BBBAG 


. 

Proof. 

      First part is obvious from the definition of  -complement c

sG


of IFGS sG


, 

Since for any 

iB -edges xy , )()( xyandxy
ii BB

  respectively have the 

maximum values of  

)()]()([)()]()([ xyyxandxyyx
jj B

ij
AAB

ij
AA  


     (1) 

that is, 
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),()()(),()()( yxxyyxxy AABAAB ii
                     (2) 

for all edges  xy  in c

sG


, hence c

sG


is always a strong IFGS . 

  Now suppose on contrary that ri )( but xy is a sB -edge in  sG


 with rs  , 

which implies that si BB  . Comparing expressions (1) and (2), we get 

,0)(,0)( 


xyBxyB j
ij

j
ij

   

Which is not possible because js BB  for some },..,1,1,...,2,1{ niij  . 

So our supposition is wrong and xy must be rB -edge. Hence we conclude that 

if ri )( then all rB -edges in IFGS ),..,,,( 21 ns BBBAG 


become 
iB -edges 

in ),...,,,( 21


n

c

s BBBAG 


for    nir ,..,2,1,  . 

Example 2.30  

       Consider IFGS ),,( 21 BBAGs 


shown in Fig. 4 and let  be a permutation 

on the set  21, BB such that 1221 )()( BBandBB   . 

 Now for 121 Baa  , 

        
03.03.0)(3.0

)]([5.03.0)]([)()()(

21

21221
1

2121

1

1






aa

aaBaaBaaaa

B

j
j

AAB



 


 

        
07.07.0)(7.0

)]([4.07.0)]([)()()(

21

21221
1

2121

1

1






aa

aaBaaBaaaa

B

j
j

AAB



 


 

        
3.003.0)(3.0

)]([5.03.0)]([)()()(

21

21121
2

2121

2

2






aa

aaBaaBaaaa

B

j
j

AAB



 

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7.007.0)(7.0

)]([4.07.0)]([)()()(

21

21121
2

2121

2

2






aa

aaBaaBaaaa

B

j
j

AAB



 


 

 Clearly, 

  22121212121 ,)(07.0)()(03.0)(
1212

Baasoaaaaandaaaa BBBB 

Similarly for 131 Baa  , 

,7.0)(,3.0)(,4.0)(,0)( 31313131 2211
 aaaaaaaa BBBB

   

Clearly, 

,7.0)(,3.0)(,4.0)(,0)( 31313131 2211
 aaaaaaaa BBBB

   

.,)(4.07.0)()(03.0)( 23131313131 1212

  Baasoaaaaandaaaa BBBB 

and for 232 Baa   

,1.0)(,0)(,4.0)(,5.0)( 32323232 2211
 aaaaaaaa BBBB

   

that is, 

.,)(04.0)()(05.0)( 13232323232 2121

  Baasoaaaaandaaaa BBBB 

this implies that, 

    ),,()7.0,3.0,(),7.0,3.0,(,4.0,5.0, 2131212321

 BBAGandaaaaBaaB c

s   

shown in    Fig 2.9 is the  -complement of .sG


 

Definition 2.31 

         Let ),..,,,( 21 ns BBBAG 


 be an IFGS and   be a permutation on the set

},....,2,1{ n . Then 

(i) sG


 is self-complementary , if it is isomorphic to c

sG


, the  -complement 

of sG


. 

(ii) sG


  is strong self-complementary , if it is identical to  c

sG


. 

(iii) sG


 is totally self-complementary, if it is isomorphic to c

sG


, the  -

complement of sG


 for all permutation   on the set },....,2,1{ n . 

(iv) sG


 is totally strong self-complementary, if it is identical to c

sG


, the                         

 -complement of sG


 for all permutation   on the set },....,2,1{ n . 
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Theorem 2.32 

            An IFGS sG


 is strong if and only if sG


 is totally self-complementary. 

Proof.  

Let sG


 be a strong IFGS and   be any permutation on the set },....,2,1{ n .  

          If ji  )(1 , then by Theorem 3.1, all iB edges in 

),..,,,( 21 ns BBBAG 


 become 

jB edges in ),...,,,( 21


n

c

s BBBAG 


.  Also 

c

sG


 is strong, so 

)()()()( 212121 aaaaaa
ji BAAB   , 

                              )()()()( 212121 aaaaaa
ji BAAB   . 

Then sG


 is isomorphic to 
c

sG


 , under the identity mapping UUf :  and a 

permutation ],,....,2,1,,)([ 1 njiji  such that  

Uaallforafaafa AAAA  )),(()()),(()(   

and 

                 )),()(()()( 212121 afafaaaa
jji BBB     

     .,))()(()()( 21212121 iBBB Eaaallforafafaaaa
jji

    

this holds for all permutation on the set },....,2,1{ n . Hence sG


 is totally self-

complementary. 

         Conversely, let   be any permutation on the set },..,2,1{ n and sG


  and  

c

sG


 be isomorphic. From the definition of  -complement and isomorphism of 

IFGSs, we have  

                   )()())(())(())()(()( 21212121 aaafafafafaa AAAABB
ji

   , 

     )()())(())(())()(()( 21212121 aaafafafafaa AAAABB
ji

   , 

for all .,...,2,1,21 niEaa i   

Hence, sG


 is a strong IFGS. 

Remark 2.33  

       Every self-complementary IFGS is necessarily totally self-complementary. 
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Theorem 2.34 

         If graph structure ),...,,,( 21

*

nEEEUG   is totally strong self-

complementary and A is an IFS of U with constant fuzzy mappings AA and    

then a strong IFGS ),..,,,( 21 ns BBBAG 


of *G  is totally strong self-

complementary. 

Proof.  

         Consider a strong IFGS  ),..,,,( 21 ns BBBAG 


 of a graph structure

),...,,,( 21

*

nEEEUG  . Suppose that *G  is totally strong self-complementary 

and that for some constants  ),(],1,0[, AAAts   is an IFS of U such that

,)(,)( tusu AA   Uuallfor  . Then we have to prove that sG


 is totally 

strong self-complementary. 

            Let    be a permutation on the set },....,2,1{ n and ij  )(1 . Since *G  is 

totally strong self-complementary, so there exists a bijection UUf : , such 

that for every      iE edge 21aa  in *G , )()( 21 afaf  ( jE edge in *G ) is an 

iE edge in 
cG

1

)( * 
. Consequently, for every iB edge 21aa  in sG


 , 

)()( 21 afaf (a jB edge in sG


) is a 


iB -edge in c

sG


. 

from the definition of A and the definition of strong IFGS sG


 

,)(,)),(()()),(()( Uafaallforaftuafsu AAAA    

and 

      )),()(())(())(()()()( 21212121 afafafafaaaa
iBAAAAA    

       )),()(())(())(()()()( 21212121 afafafafaaaa
iBAAAAA    

for all niBaa i ,..,2,1,21  , which shows  sG


 is strong self complementary . 

Hence sG


 is totally strong self-complementary, since   is arbitrary. 

             Remark 2.35  

           Converse of Theorem 2.34 is not necessary, since a totally strong self-

complementary and strong IFGS ),,,( 321 BBBAGs 


 as shown in Fig. 11, has a 

totally strong self-complementary underlying graph structure but AA and   

are not constant fuzzy functions. 
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Example 2.36   

         The IFGS shown in Fig 8 is self-complementary, i.e., it is isomorphic 

to its    -complement , where )2,1( . Also, it is self-complementary because 

  is the only non-identity permutation on the set  2,1 . 

              Example 2.37  

          The IFGS ),,,,( 4321 BBBBAGs 


 shown in Fig 10, is strong self –

complementary, i.e., it is identical to its  -complement where the permutation 

  is )4,3()2,1( . It is not totally strong self-complementary. 

Example 2.38  

            The IFGS ),,,( 321 BBBAGs 


 , shown in Fig 2.11, is totally strong self-

complementary because it is identical to its  -complement for all the 

permutation on the   on the set  3,2,1 . 
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CHAPTER-3 

PYTHAGOREN FUZZY GRAPH STRUCTURE 

Definition 3.1 

            Let  niM i ,...,2,1:  be a set of irreflexive, symmetric and mutually 

disjoint relations on non empty set T. An Pythagorean Fuzzy Graph Structure 

(IFGS) with underlying vertex set T is denoted by ),....,,,( 21 ns KKKJG 


where, 

(i) J is an is an Pythagorean Fuzzy set of T  with  1,0: TJ and 

 1,0: TJ , namely the degree of membership and the degree of non-

membership of Ux , respectively such that  

                     1)()(0 22  yx JJ  , for all Tx  

(ii)Each iK is an fuzzy set of iM such that the functions  1,0: M
iK and 

 1,0: M
iK are defined by  

)()()( yxxy JJK i
  , )()()( yxxy JJK i

   

and 

1)()(0  xyxy
ii KK  , for all niTTxy ,...,2,1,  . 

Equivalently, an PGFS of a graph structure and let 121 ,.....,,, nKKKJ  and nK

be an Pythagorean fuzzy subsets of 121 ,.....,,, nMMMT and nM respectively, 

then, 

                        )()()( yxxy JJK i
  , )()()( yxxy JJK i

    

for all niMxy i ,..,3,2,1,  and 

                            1)()( 22  yx JJ   for all TTxy  . 

Example 3.2  

             Let ),,(* 21 MMTG  be a graph structure such that

 4321 ,,, aaaaT  ,    1332211 ,, aaaaaaM   and  4241342 ,, aaaaaaM  .Let 

21, BandKJ be a Pythagorean fuzzy subsets of 
21, MandMT , respectively 

such that , 
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                     )4.0,9.0,(),2.0,8.0,(,)6.0,5.0,(,)6.0,7.0,( 4321 aaaaJ   

                     )6.0,7.0,(,)6.0,5.0,(,)6.0,5.0,( 1332211 aaaaaaK   

                     )6.0,5.0,(,)6.0,7.0,(,)4.0,8.0,( 4241342 aaaaaaK   

Then ),,( 21 KKJGs 


is a PFGS of *G as shown in Fig 3.1. 

 

Definition 3.3  

           An IFGS ),.....,,,( 21 ns WWWVH 


is said to be Pythagorean fuzzy sub 

graph structure of an  IFGS  ),....,,,( 21 ns KKKJG 


with underlying vertex set 

T , if JV  and ii VW  for all i, that is  

                        )()( xx JV   , )()( xx JV    , for all Tx . 
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and for ni ,...,3,2,1  

                       )()( xx
ii KW   , )()( xx

ii KW   , for all TTxy  . 

          
sH


is called an Pythagorean fuzzy spanning sub graph structure of an 

PFGS sG


,if JV  . 

         
sH


is called an Pythagorean fuzzy partial spanning sub graph structure of 

an PFGS sG


, if it excludes some edges of sG


 

Example 3.4 

               Consider a PFGS ),,( 21 KKJGs 


, as shown in Fig 3.1.Let,       

            )1.0,9.0,(),5.0,8.0,(),3.0,6.0,(),5.0,1.0,( 4321 aaaaV   

            )5.0,1.0,(),5.0,6.0,(),5.0,1.0,( 3132211 aaaaaaW   

            )3.0,6.0,(),5.0,1.0,(),5.0,8.0,( 4241432 aaaaaaW   

            )6.0,6.0,(),6.0,5.0,(),6.0,4.0,( 3132211 aaaaaaV   

            )6.0,4.0,(),6.0,7.0,(),4.0,8.0,( 4241432 aaaaaaV   

           )6.0,7.0,(),6.0,5.0,(),6.0,5.0,( 3132211 aaaaaaF   

         and  )6.0,5.0,(),6.0,7.0,( 42412 aaaaF   

                By routine calculations, it is easy to see that ),,( 21 WWVH s 


, 

),,( 21 VVJLs 


and ),,( 21 FFJZ s 


are respectively the Pythagorean fuzzy sub 

graph structure, Pythagorean fuzzy spanning sub graph structure and 

Pythagorean fuzzy partial spanning sub graph structure of
sG


. Their respective 

drawings are shown in Fig 3.2. 

Definition 3.5 

              Let ),....,,,( 21 ns KKKJG 


be a PFGS with underlying vertex set T. 

Then there is a 
iK - edge between two vertices x and y of V  if one of the 

following is true: 

(i) )(xy
iK  > 0 and   )(xy

iK > 0, 

(ii) )(xy
iK  > 0 and   )(xy

iK = 0, 

(iii) )(xy
iK  = 0 and   )(xy

iK > 0,       for some i. 
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Definition 3.6 

          For a Pythagorean fuzzy graph structure ),....,,,( 21 ns KKKJG 


with 

vertex set T, support of 
iK is given by, 

            0)(0)(:)(sup  xyorxyTTxyKp
ii KKi  ,     ni ,...,2,1 . 

Definition 3.7  

               iK -edge of an PFGS ),....,,,( 21 ns KKKJG 


with underlying vertex 

set T, is a sequence of distinct vertices Tm  ,........,, 21  (except the choice 

1 m  such that `1 jj   is a iK -edge for all mj ,...,3,2 . 

Example 3.8 

        1332211 ,, aaaaaaM   and  4241342 ,, aaaaaaM   

(i) 313221 ,, aaaaaa  are 
1K - edges and 424143 ,, aaaaaa are 

2K -edges ; 

(ii) 321 aaa and 431 aaa are 
1K and 

2K -paths respectively; 

(iii) 
1a and 3a are connected by vertices of T; 

(iv) sG


 is a 
1K -strong , since  3132211 ,,)(sup aaaaaaKp  and  

               )),()((5.0)( 21211
aaaa JJK    

               )),()((6.0)( 21211
aaaa JJK    

               )),()((5.0)( 32321
aaaa JJK    

               )),()((6.0)( 32321
aaaa JJK    

               )),()((7.0)( 31311
aaaa JJK    

Example 3.9 

Let ),,( 21 KKJGs 


shown in Fig 2, be IFGS of the graph structure  

),,( 21

* MMTGs   where  4321 ,,, aaaaT   ,  3143411 ,, aaaaaaM   and 

 4232212 ,, aaaaaaM  . Then sG


 is a strong IFGS since it is both 
1B - strong 

and 
2B -strong . Moreover    )(sup,)(sup 21 KpKp  , every pair   of 

vertices belong to T , is either a 
1K -edge or a 

2K -edge ,so sG


 is a complete or 

1K 2K - complete PFGS as well. 
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 Definition 3.10 

        If an PFGS ),....,,( 21 ns KKKJG 


with underlying vertex set T, 
iK and 

iK - strengths of a iB - path “ mKi
R  ,.....,2,1 ”,are denoted by ◊.

iKR and 

iK. respectively such that, 

          )]([.)]([. 1212 jjK

m

jijjK

m

ji ii
KandK     

Then, we write the strength of the path, ).,.(
iii KKK RRR  . 

Example 3.11 

    In ),,( 21 KKJGs 


shown in Fig 3.3, 4311 aaaR  is a 
1K - path and 

3212 aaaR  is a 
2K -path and 

3.0)3.04.02.0()()()( 3131411 111
 aaaaaaR KKK   

6.0)6.05.06.0()()()( 3131411 111
 aaaaaaR KKK   

  3.0)4.07.03.0()()()( 4232212 222
 aaaaaaR KKK   

   6.0)4.05.06.0()()()( 4232212 222
 aaaaaaR KKK   

The strength of 
1K -path )6.0,3.0().,.(

111
 KKK RRR , The strength of        

2K -path )6.0,3.0().,.(
222
 KKK RRR . 

Definition 3.12 

      If a PFGS ),....,,( 21 ns KKKJG 


with underlying vertex set T: 
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(i) 
iK Strength of connectedness between x and y, is defied by 

)}({)( 1 xyVxy j

KjK ii
 

  where ))({)( 1 xyxy
iii K

j

KK     for forj 2

))({)(2 xyxy
iii KKK   )};()({ zyxyV

ii KKz    

(ii) 
iK Strength of connectedness between x and y, is defied by 

)}({)( 1 xyVxy j

KjK ii
 

  where ))({)( 1 xyxy
iii K

j

KK     for forj 2

))({)(2 xyxy
iii KKK   )}.()({ zyxy

ii KKz    

Example 3.13 

                  ),,( 21 KKJGs 


as shown in Fig 3.4, be IFGS of graph structure 

),,( 21

* MMTG  such that  4321 ,,, aaaaT  ,  4142211 ,, aaaaaaM  and 

 43312 , aaaaM  . 

           Since 1.0)( 211
aaK , 2.0)( 421

aaK , 1.0)( 411
aaK , therefore  

 

 

 

 

  

 

         

 

  

 

 

 

 

 

1.02.01.0)()()()()( 42412121

2

11111
 aaaaaaaa KKKKK  

1.01.01.0)()()()()( 41214242

2

11111
 aaaaaaaa KKKKK  

1.02.01.0)()()()()( 42214141

2

11111
 aaaaaaaa KKKKK  

1.01.01.0)()()()()( 4241

2

21

2

21

3

11111
 aaaaaaaa KKKKK  

1.01.01.0)()()()()( 4121

2

42

2

42

3

11111
 aaaaaaaa KKKKK  

1.02.01.0)()()()()( 4221

2

41

2

41

3

11111
 aaaaaaaa KKKKK  

1.02.01.0)()()()()( 4241

3

21

3

21

4

11111
 aaaaaaaa KKKKK  

1.01.01.0)()()()()( 4121

3

42

3

42

4

11111
 aaaaaaaa KKKKK  

1.02.01.0)()()()()( 4221

3

41

3

41

4

11111
 aaaaaaaa KKKKK  
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Thus we have, 

 

       1.01.0,1.0,1.0,1.0)( 211
 aaK  

                 2.01.0,1.0,1.0,2.0)( 421
 aaK  

                 2.01.0,1.0,1.0,1.0)( 211
 aaK  

Since 1.0)( 211
aaK , 2.0)( 421

aaK , 1.0)( 411
aaK ,therefore 

 

 

 

 

 

 

 

 

 

                                                                                 

 

 

 

 

 

 

 

7.04.07.0)()()()()( 42412121

2

11111
 aaaaaaaa KKKKK  

7.07.07.0)()()()()( 41214242

2

11111
 aaaaaaaa KKKKK  

7.04.07.0)()()()()( 42214141

2

11111
 aaaaaaaa KKKKK  

7.04.07.0)()()()()( 4241

2

21

2

21

3

11111
 aaaaaaaa KKKKK  

7.07.07.0)()()()()( 4121

2

42

2

42

3

11111
 aaaaaaaa KKKKK  

7.04.07.0)()()()()( 4221

2

41

2

41

3

11111
 aaaaaaaa KkKkK  

7.04.07.0)()()()()( 4241

3

21

3

21

4

11111
 aaaaaaaa KkKkk  

7.07.07.0)()()()()( 4121

3

42

3

42

4

11111
 aaaaaaaa KkKkk  

7.04.07.0)()()()()( 4221

3

41

3

41

4

11111
 aaaaaaaa KkKkk  
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Thus we have, 

  7.07.0,7.0,7.0,7.0)( 211
 aak  

  7.07.0,7.0,7.0,4.0)( 421
 aak  

  7.07.0,7.0,7.0,7.0)( 411
 aak  

By similar calculations, it can be easily checked that 

1.0)( 312
 aaK                        7.0)( 312

 aaK  

2.0)( 432
 aaK                        7.0)( 432

 aaK  

              1.0)( 412
 aaK                        7.0)( 412

 aaK  

Example 3.14 

 

       A PFGS shown in Fig 3.3, is a 2B -tree but not an Pythagorean fuzzy            

2B -tree. While ),,( 21 KKJGs 


shown in Fig 3.5,is not a 1B -tree but an 

Pythagorean fuzzy  1B -tree, since it has an Pythagorean fuzzy partial spanning 

sub graph structure ),,( 21 KKJ  as a 1B - tree ,which is obtained by deleting      

1B -edge )( 32aa  from sG


with )(4.02.0)( 4141 11
aaaa KK



   and 

)(6.05.0)( 3241 11
aaaa KK



  . 

Example 3.15 

               
1s

G


and 
2sG


as shown in Fig 3.6 and Fig 3.7 are PFGS of graph 

structures ),,,( 43211

*

1
MMMMTGs  and ),,,( 43212

*

2
MMMMTGs
 ,respectively, 

Where, 

                     6543211 ,,,,, aaaaaaT               53321 , aaaaM   
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                     54432 , aaaaM                         65213 , aaaaM   

                     61524 , aaaaM                         6543212 ,,,,, bbbbbbT      

                     21311 , bbbbM                           54432 , bbbbM            

                     32653 , bbbbM                          62534 , bbbbM    

Then 
1s

G


 is isomorphic to 
2sG


under the mapping 21: TTf  , is given by  

        566544332211 )(,)(,)(,)(,)(,)( bafbafbafbafbafbaf   

and a permutation  is given by  

                    4)4(,3)3(,1)2(,2)1(    

Such that, 

             ))(()(
21 iJiJ afa   ,    ))(()(

21 iJiJ afa    

For all ,1Tai  and  

             ))()(()(
)( jiKjiK afafaa

pp 
  ,   ))()(()(

)( jiKjiK afafaa
pp 

  , 

for all    .4,3,2,1,  PMaa Pji    

 Also, 
1s

G


 is identical with  
2sG


 under the mapping ,: 21 TTf  given by 

        661514334251 )(,)(,)(,)(,)(,)( bafbafbafbafbafbaf  , 

such that 

))(()(
21 iJiJ afa   , ))(()(

21 iJiJ afa   , for all ,1Tai   

and 

))()(()( jiKjiK afafaa
Pp

  ,  ))()(()( jiKjiK afafaa
Pp

   

for all .4,3,2,1,  PEaa Pji    
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Remark 3.16 

             Identical PFGS are always isomorphic but the converse is not 

necessarily true. As PFGS Shown in Fig 3.3 is isomorphic to PFGS shown in 

Fig 3.8 but they are not identical. 

Definition 3.17  

       Let ),....,,( 21 ns KKKJG 


 be an Pythagorean structure of a graph structure

),....,,,( 321

*

nMMMMTG  .Let   denote a permutation on the set 

}.,...,{ 21 nMMM and the corresponding permutation on },....,{ 21 nKKK , i.e., 

ji KK )(  iff ji MM )(  for all i 

If rKxy  for some r and  
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),()()()( xyVyxxy
ji

B
ij

AAB  




),()()()( xyVyxxy
ji

B
ij

AAB  


 i=1, 2,…,n, 

Then

mBxy , while m is chosen such that )(xy

mB )(xy
iB
 and 

)(xy
mB )(xy

iB
  for all i. 

    Then PFGS ),.....,,,( 21


nKKKJ  denoted by

c

sG


, is called the                            

 complement of PFGS sG


. 

Theorem 3.18 

          A  -complement of a Pythagorean fuzzy graph structure is always a 

strong PFGS. Moreover if ri )(  for r, },....,2,1{ ni , then all
rB -edges in 

PFGS ),....,,( 21 ns KKKJG 


 become 
jB -edges in ),...,,,( 2,1



n

c

s KKKJG 


. 

Proof 

    First part is obvious from the definition of  -complement  
c

sG


 of PFGS of

sG


, since for any 
jB -edge )(, xyxy

iB

  and  )(xy
iB

  respectively have the 

maximum values of  

),()()( xyVyx
jB

ij
AA 


  and ),()()( xyVyx

jB
ij

AA 


     (1) 

 that is, 

         )()()( yxxy AABi
   , )()()( yxxy AABi

  ,              (2) 

for all edges xy in  
c

sG


,hence 
c

sG


 is always a strong PFGS.  

Now suppose on contrary that ri )(  but xy  is sK -edge in sG


with ,rs 

which implies that si BB  .Comparing expressions (1) and (2), we get 

),(xyV
jB

ij



0)( 


xyV

jB
ij

  

Which is not possible because ji KK )(  for some }.,....1,1,....2,1{ niij 

so our supposition is wrong and xy must be a rK -edge. Hence we can conclude 

that if ri )( , then all rK - edges in PFGS ),.....,,,( 21 ns KKKJG 


become 


iK -edges in ),...,,,( 2,1



n

c

s KKKJG 


 for r,  ni ,...,2,1 . 
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Example 3.19  

          Consider PFGS ),,( 21 KKJGs 


shown in Fig 3.4 and let  be a 

permutation on the set  21, KK such that 21)( KK  and 12)( KK  . 

              Now for 121, Kaa  , 

           01.01.0)()()()( 21
1

21211



aaVaaaa

jK
j

JJK 
   

          07.07.0)()()()( 21
1

21211



aaVaaaa

jK
j

JJK 
    

         1.001.0)()()()( 21
2

21212



aaVaaaa

jK
j

JJK 
       

         7.007.0)()()()( 21
2

21212



aaVaaaa

jK
j

JJK 
   

Clearly,  

)(07.0)()(01.0)( 21212121 1212
aaaaandaaaa KKKK

    

Similarly, for 142 , Kaa  ,          

       02.02.0)()()()( 42
1

42421



aaVaaaa

jK
j

JJK 
         

       04.04.0)()()()( 42
1

42421



aaVaaaa

jK
j

JJK 
   

       2.002.0)()()()( 42
2

42422



aaVaaaa

jK
j

JJK 
   

       4.004.0)()()()( 42
2

42422



aaVaaaa

jK
j

JJK 
   

 Clearly, 

)(04.0)()(02.0)( 42424242 1212
aaaaandaaaa KKKK

    

for, 141, Baa   
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     01.01.0)()()()( 41
1

41411



aaVaaaa

jK
j

JJK 
   

    07.07.0)()()()( 41
1

41411



aaVaaaa

jK
j

JJK 
   

    1.001.0)()()()( 41
2

41412



aaVaaaa

jK
j

JJK 
   

    7.007.0)()()()( 41
2

41412



aaVaaaa

jK
j

JJK 
      

Clearly,  

)(07.0)()(01.0)( 41414141 1212
aaaaandaaaa KKKK

           

For 231 Baa   

    1.001.0)()()()( 31
1

31311



aaVaaaa

jK
j

JJK 
   

   7.007.0)()()()( 31
1

31311



aaVaaaa

jK
j

JJK 
                 

   01.01.0)()()()( 31
2

31312



aaVaaaa

jK
j

JJK 
   

   07.07.0)()()()( 31
2

31312



aaVaaaa

jK
j

JJK 
   

Clearly,

)(07.0)()(01.0)( 31313131 2121
aaaaandaaaa KKKK

    

For ,243 Kaa   

    2.002.0)()()()( 43
1

43431



aaVaaaa

jK
j

JJK 
   

    4.004.0)()()()( 43
1

43431



aaVaaaa

jK
j

JJK 
   

    02.02.0)()()()( 43
2

43432



aaVaaaa

jK
j

JJK 
    

    04.04.0)()()()( 43
2

43432



aaVaaaa

jK
j

JJK 
   

Clearly, 

)(04.0)()(02.0)( 434314343 221
aaaaandaaaa KKKK

    

This shows that,   )4.0,2.0,(),7.0,1.0,( 43311 aaaaK 

 )4.0,2.0,(),7.0,1.0,(),7.0,1.0,( 4241212 aaaaaaK 
 and ),,( 21

 KKJG c

s 


shown in Fig 3.9 is the  complement of sG


. 
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Theorem 3.20 

    A PFGS sG


is strong if and only if sG


is total self-complementary. 

Proof: 

      Let sG


be a strong PFGS and  be any permutation on the set n,...,2,1 . 

           If ji  )(1 ,Then by Theorem 3.18, all iK edges in 

),.....,,,( 21 ns KKKJG 


become 
jK edges in ),...,,,( 21


n

c

s KKKJG 


. 

Also 
c

sG


is strong, so 

                       )()()()( 212121 aaaaaa
ji KJJK     

                       )()()()( 212121 aaaaaa
ji KJJK    

Then sG


is isomorphic to
c

sG


, under the identity mapping TTf : and an 

permutation ],...,2,1,,)([ 1 njiji  such that 

                     ))(()()),(()( afaafa JJJJ   for all Ta  

And ))()(()()( 212121 afafaaaa
jji KKK          

))()(()()( 212121 afafaaaa
jji KKK     

This holds for all permutations on the set n,...,2,1 . Hence sG


is totally self-

complementary.  

         Conversely, let  be any permutation on the set  n,...,2,1 and sG


and 
c

sG


be isomorphic .From the definition of  - complement and isomorphism of 

PFGSs, we have  

                )()())(())(())()(()( 21212121 aaafafafafaa JJJJKK
ji

          

               )()())(())(())()(()( 21212121 aaafafafafaa JJJJKK
ji

       

for all niMaa i ,...,2,1,21  . 

Hence, sG


is a strong PFGS. 

Remark 3.21 

            Every self-complementary PFGS is necessarily totally self-

complementary.  
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Theorem 3.22 

                    If a graph structure ),....,,,( 21

*

nMMMTG  is totally strong self- 

complementary and J is a PFS of T with constant mappings 
J and 

J then a 

strong PFGS ),.....,,,( 21 ns KKKJG 


 of 
*G is totally strong self-

complementary. 

Proof: 

                Consider a strong PFGS ),.....,,,( 21 ns KKKJG 


of a graph structure

),.....,,,( 21 ns MMMTG 


.Suppose that 
*G is totally strong self-

complementary that for some constants  1,0, ts ,  JJA  , is an PFS of T 

such that Tuallfortusu JJ  ,)(,)(  .Then we have for all u ∈ T .Then 

we have to prove that sG


 is totally strong self-complementary. Let   be an 

arbitrary permutation on the set  n,..,2,1  and ij  )(1 . Since 
*G  is totally 

strong self-complementary, so there exists a bijection TTf :  such that for 

every iM - edge 21aa  in
*G , )()( 21 afaf  is an iM -edge in 

cG
1

)( * 
. 

Consequently, for every iK -edge 21aa  in sG


, )()( 21 afaf  is an 
iK edge in

c

sG


. 

          ,)(,))(()()),(()( Tafaallforaftaafsa AAAA    

and 

)),()(())(())(()()()( 21112121 afafafafaaaa
ii KAAJJK    

)),()(())(())(()()()( 21112121 afafafafaaaa
ii KAAJJK  

for all niKaa i ,..,2,1,21  , which shows sG


 is strong self-complementary. 

Hence sG


 is totally strong self-complementary, since   is arbitrary. 

Remark 3.23 

     Converse of Theorem 3.22 is not necessary, since a totally strong self-

complementary and strong PFGS ),...,,,( 21 ns KKKJG 


 as shown in Fig 

3.11, has a totally strong self-complementary underlying graph structure but A  

and A  are not constant fuzzy functions. 
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Example 3.24 

       The PFGS shown in Fig 3.8 is self-complementary, i.e., it is isomorphic to 

its  -complement, where A . Also, it is totally self-complementary because   

is the only non-identity permutation on the set {1, 2}. 

Example 3.25   

        The PFGS ),...,,,( 21 ns KKKJG 


  shown in Fig 3.10, is strong self-

complementary, i.e., it is identical to its -complement where the permutation 

  is (1 2) (3 4). It is not totally strong self-complementary. 

 

Example 3.26 

    The PFGS ),...,,,( 21 ns KKKJG 


 shown in Fig 3.11, is totally strong self-

complementary, it is identical to its -complement for all the permutations   

on the set {1, 2, and 3}.      
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SUMMARY AND CONCLUSION 

 

          In this thesis the idea of graph theoretical findings in intuitionistic fuzzy 

structure is discussed. It also includes some graphical structures for trees, cycles, 

sub graphs, self-complement, strong self-complement. 

 

         Further, we developed Pythagorean fuzzy graph structure when describing 

the uncertainty in numerous combinatorial issues across various fields 

Pythagorean fuzzy graphical models offer greater accuracy, adaptability and 

compatibility.  We also extended our views to Pythagorean fuzzy trees, cycles 

and complement of a PFGS, including self complement and strong self-

complement of PFGSs.  

 

In future, we would like to extend our work to  

(i) Bipolar Environment 

(ii) Spherical Fuzzy  Graph 

(iii) Neutrosophic Cubic Graph 

 



 

 

 

 

 

 

 

 

 

 

 

 

   

REFERENCES 



46 
 

                                                     REFERENCES 

1. Akram, M., and Davvaz, B., (2012), “Strong intuitionistic fuzzy graphs”, Filomat, 

177–196.  

2. Akram, M., and Dudek, W.A., (2013), “Intuitionistic fuzzy hypergraphs with 

applications”, Information Sciences, 218, 182–193.  

3. Akram, M., Ashraf, A., and Sarwar, M., (2014), “Novel applications of 

intuitionistic fuzzy digraphs in decision support systems”, The Scientific World 

Journal, 1-11. 

4. Akram, M., and Alshehri, N.O., (2014), Intuitionistic fuzzy cycles and 

intuitionistic fuzzy trees, The Scientific World Journal 2014,.  

5. Atanassov, K. T., & Atanassov, K. T., (1999), “Intuitionistic fuzzy sets”, Physica-

Verlag HD, 1-137. 

6. Atanassov, K., (2016), “Intuitionistic fuzzy sets”, International journal bio 

automation, 20. 

7. Broumi, S., Smarandache, F., Talea, M., and Bakali, A., (2016), “An introduction 

to bipolar single valued neutrosophic graph theory”, Applied Mechanics and 

Materials, 184-191. 

8. Bhattacharya, P., (1987), “Some remarks on fuzzy graphs”, Pattern Recognition 

Letters, 297–302.  

9. Bhutai, K.R., Mordeson, J., and Rosenfeld, A., “On degrees of end nodes and cut 

nodes in fuzzy graphs”, Iranian Journal of Fuzzy Systems, 57-64.  

10. Dinesh, T., (2011), “A study on graph structures, Incidence Algebras and their 

Fuzzy Analogues”, PhD Thesis, Kannur University. 

11. Dinesh, T., and Ramakrishnan, T.V., (2011), “On generalised fuzzy graph 

structures”, 173–180. 

12. Garg, H., (2018), “A linear programming method based on an improved score 

function for interval-valued Pythagorean fuzzy numbers and its application to 

decision-making”, International Journal Uncertainty, Fuzziness and Knowledge 

Based Systems, 67-80. 

13. Garg H., (2018), “A new exponential operational laws and their aggregation 

operators of interval-valued Pythagorean fuzzy information”, International             

Journal of Intelligent System, 653–683. 



47 
 

14. Kauffman, A., (1973), “Introduction `a la Th´eorie des Sous-emsembles Flous: `a 

l’usage des ing´enieurs”, Masson.  

15. Karunambigai,M.G., Rangasamy, P., Atanassov, K.T., and Palaniappan, N., 

(2007), “An intuitionistic fuzzy graph method for finding the shortest paths in 

networks”, Theoretical Advances and Applications of Fuzzy Logic and Soft 

Computing, 3–10.  

16. Kutlu G¨undo˘gdu,  F., and Kahraman, C., (2020), “Spherical Fuzzy Sets and 

            Decision Making Applications”, Intelligent and Fuzzy Techniques in Big Data 

       Analytics and Decision Making, Advances in Intelligent Systems , 979-987. 

17. Mathew., S., Sunitha, M.S., (2009), “Types of arcs in a fuzzy graph”,  Information 

Sciences, 1760–1768.  

18. Mathew, S.,  Sunitha, M S., (2010), “Node connectivity and arc connectivity of a 

fuzzy graph”, Information Sciences 180(4) , 519–531.  

19. Mordeson, J.N., Peng, C.S., (1994), “Operations on fuzzy graphs”, Information 

Sciences 79,159–170.  

20. Mordeson , J.N., Nair, P S., (2001), “Fuzzy graphs and fuzzy hypergraphs”, 

Second Edition, Physica Verlag, Heidelberg .  

21. Muhammad Akram., Jawaria Mohsan Dar.,  Sumera Naz., (2018), “Certain 

Graphs under pythagorean fuzzy environment”, Complex and intelligent systems.   

22. Muhammad Akram., Rabia Akmal., (2017), “Intuitionstic fuzzy graph 

structures”,In:Kragujevac Journal of Mathematics Volume 41(2),Pages 219-237. 

23. Naz, S., Ashraf, S., Akram, M., (2018), “A novel approach to decision making 

with Pythagorean fuzzy information”, Mathematics 6(6):95. 

24. Parvathi, R., Karunambigai, M.G., Atanassov, K.T., (2009), “Operations on 

intuitionistic fuzzy graphs”, In: Proceedings of the IEEE International 

Conference on Fuzzy Systems, 1396–1401. 

25. Pasi, G., Yager, R Atanassov, K.T., (2004), “Intuitionistic fuzzy graph 

interpretations of multi-person multi-criteria decision making”, In: Proceedings 

of the 2nd IEEE International Conference on Intelligent Systems, 434–439.  

26. Peng, X., Yang, Y., (2015), “Some results for Pythagorean fuzzy sets”,           

International Journal of Intelligent System, 1133–1160. 

27. Peng, X., Selvachandran, G., (2017), “Pythagorean fuzzy set state of the art 

            and future directions”, Artificial Intelligence Review,  9596-9602. 



48 
 

28. Rangasamy, P., Palaniappan, N., (2003), “Some operations on intuitionistic fuzzy 

sets of second type”, Notes Intuit Fuzzy Sets, 1–19.  

29. Rosenfeld, A., (1975), “Fuzzy graphs fuzzy sets and their applications to 

cognitive and decision processes”, Proceedings of the US-Japan Seminar on 

Fuzzy Sets and their Applications, Academic Press, 77–95.  

30. Sampathkumar., (2006), “Generalized graph structures”, Bull. Kerala Math. 

Assoc. 3(2), 65–123. 24.  

31. Shannon, A., Atanassov, K.T., (1994), “A first step to a theory of the intuitionistic 

fuzzy graphs”, Proceeding of the First Workshop on Fuzzy Based Expert 

Systems, 59–61.  

32. Shannon, A., Atanassov, K.T., (1994), “A first step to a theory of the intuitionistic 

fuzzy graphs”, In: Proceeding of the First Workshop on Fuzzy Based Expert 

Systems, 59–61. 

33. SumeraNaz., Samina Ashraf., MuhammadAkram., (2018), “A novel approach to 

decision- making with Pythagorean fuzzy Information”, Mathematics, 95. 

34. Wang, R., Li, Y.L., (2018), “A novel approach for group decision-making from 

intuitionistic fuzzy preference relations and intuitionistic multiplicative  

preference relations”, Information, 1–15. 

35. Xindong Peng., Ganeshsree Selvachandran., (2019), “Pythagorean fuzzy set: 

state of the art and future directions”, Artificial Intelligence Review, 1873–1927. 

36. Yager, R.R , (2013), “Pythagorean fuzzy subsets”, In Proceedings of the Joint 

            IFSA World Congress and NAFIPS Annual Meeting, Edmonton, Canada,  

            57–61. 

37. Yager, R.R., Abbasov, A.M., (2013), “Pythagorean membership grades Complex 

numbers and decision making”, Intell syst, 28(5), 436-452. 

38. Yager, R.R., (2013), “Pythagorean fuzzy subsets”, In Proceedings of the 2013 

Joint IFSA World Congress and NAFIPS Annual Meeting, Edmonton, 57-61, 

DOI: 10.1109/IFSA-NAFIPS.2013.6608375. 

39. Yager, R.R., (2014), “Pythagorean membership grades in multi-criteria decision 

making”, IEEE Transactions on Fuzzy System, 958-965. 

40. Zadeh, L A., (1965), “Fuzzy sets”, Information and Control 8, 338–353.  

41. Zadeh, L.A., (1971), “Similarity relations and fuzzy orderings", Information 

Sciences, 177–200. 

 



  

  

  

  

  

  

  

    

  
  

 

 
 

        PRESENTATION  



50 
 

   

DETAILS OF PAPER PRESENTATION 

   

Paper Presentation  

 

A Study On Pythagorean Fuzzy Graph Structures presented in the Two-Day 

International Conference on “Recent Trends in Multidisciplinary Research and 

Practices” Mathematical and Computational Models [ICRTMRP - 2023] held 

on 29th - 30th March 2023 organized by Dr. SNS Rajalakshmi College of Arts 

and Science (Autonomous), Coimbatore in collaboration with the University of 

Cyberjaya, Malaysia, and the Institute of Engineering Research and Publication, 

Chennai, Tamil Nadu.  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



50 
 

 

 

 

 

 

  

  


