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Abstract 

In this paper, the concept of μν-status, minimum and maximum status 
of an IFG is defined. The definition of a self median intuitionistic 
fuzzy graph and the necessary and sufficient conditions for an IFG to 
be self median are given. Also, we discussed the relationship between 
self median IFG, self centered IFG and constant IFG. We analyzed the 
conditions for the IFGs, ,21 GG ∪  21 GG +  and 21 GG D  are to be 

complete. 

1. Introduction 

Atanassov and Shannon introduced the concept of intuitionistic fuzzy 
(IF) relations and intuitionistic fuzzy graphs (IFGs) in [2, 3, 16, 17]. 
Intuitionistic fuzzy sets have been applied in a wide variety of fields 
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including computer science, engineering, mathematics, medicine, chemistry 
and economics. Karunambigai et al. introduced the concept of minmax IFG, 
operations of IFG, complements of IFG, constant IFG, totally constant IFG, 
isomorphism on IFG, isomorphism on strong IFG, self centered IFG and 
discussed all its properties in [11-15]. These concepts lead us to define status, 
total status, self median, union and intersection of IFGs and also conditions 
for the IFGs 212121 ,, GGGGGG D∪ +  to be complete IFG. 

A graph ∗G  is an ordered pair ( )EVG ,=∗  comprising a set V of 

vertices or nodes together with a set E of edges or lines, which are 2-element 
subsets of V. Distance-balanced graphs have first been defined by Handa in 
[10]. Distance-balanced graphs are also called self median graphs. An 
unweighted, connected graph is distance-balanced (also called self median) if 
there exists a number d such that, for any vertex v, the sum of the distances 
from v to all other vertices is d. A graph is self median if its median is the 
whole vertex set. Thus, a graph G is self median if and only if the value 

( )vGd  is constant over all vertices v of G. Balakrishnan et al. [5] noticed that 

a connected graph G is distance-balanced if and only if it is self median. 
Thus, the concepts of distance-balanced and self median are the same. 
Distance-balanced graphs are relevant in the area of facility location 
problems because the median of a graph comprises of vertices that have a 
minimal sum of distances to all other vertices [4]. They are also useful in 
mathematical chemistry. 

For a scenario, the service facilities like bank, hospital and fire-station 
should be located in centralized location in a district or an area. When 
deciding where to locate a service facility, we have to minimize the average 
distance that a person travelled to the service facility. This is equivalent to 
minimizing the total distance travelled by all people within the district. For 
such situations, the concept of median is described. 

The status of a vertex iv  is denoted by ( )ivS  and is defined as ( ) =ivS  

( )∑
∈∀

δ
Vv

ji
j

vv .,  The total status of a fuzzy graph G is denoted by ( )[ ]GSt  
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and is defined as ( )[ ] ( )∑
∈∀

=
Vv

i
i

vSGSt .  The median of a fuzzy graph G is the 

set of nodes with minimum status. A graph G is distance-balanced if and 
only if G is transmission-regular. Let G and H be nontrivial and regular 
graphs. Then the symmetric difference HG ⊕  is distance-balanced. A fuzzy 
graph G is said to be self median if all the vertices have the same status. 
Every self median fuzzy graph is a self centered fuzzy graph. Every cube nQ  

is self median fuzzy graph. The notion of the eccentric digraph of a graph 
was introduced by Buckley [7]. This construction was refined and extended 
by others, including Boland and Miller [6], to any digraph. This has led to 
the study of the behavior of the iterated application of this operator (see 
Gimbert et al. [9]) (the notion of the eccentric graph of a graph was 
introduced by Akiyama et al. [1]). The center of a graph is the set of vertices 
with minimum eccentricity. Graphs in which all vertices are central are called 
self centered graphs. Let G be a graph. Then the eccentric digraph ( )GED  is 

symmetric if and only if G is self centered. The notion of self centered fuzzy 
graphs was introduced in [18]. Interconnection networks are universal in 
today’s society, for example, telecommunications networks, flight routes and 
social networks. The topology of the above network is usually built or 
designed using directed/undirected graph depending upon application. In all 
cases, there are some common fundamental characteristics of networks such 
as the number of nodes, number of connections at each node, total number of 
connections, clustering of nodes, etc. Many of the most important basic 
properties, underpinning the functionalities of a network, are related to the 
distance between the nodes in a network, eccentricities of the nodes, the 
radius of the network and the diameter of the network (see [8]). 

In this paper, we shall survey the results on operations on IFG and 
present several new results. In the next section, we have given the basic 
definitions of an intuitionistic fuzzy graph theory, in Section 3, we provide 
the characterization of self median intuitionistic fuzzy graphs, when the crisp 
graph is cycle and also the relationship between self median IFG, self 
centered IFG and constant IFG. In Section 4, we analyzed the conditions for 
the IFGs 212121 ,, GGGGGG D∪ +  to be complete IFG. 
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Notations 

Throughout this paper, we consider EVG ,,,: νμ  as minmax IFG 

and all the properties are analyzed only for minmax IFG. 

2. Basic Definitions 

In this section, we give the basic definitions and state the theorems which 
are used to construct the forthcoming theorems. 

Theorem 2.1 [11]. Every complete intuitionistic fuzzy graph ( )EVG ,:  

is a self centered IFG and ( ) ( ) ,1,1
11 ii

GrGr
ν

=
μ

= νμ  where i1μ  is the least 

and i1ν  is the greatest. 

Theorem 2.2 [12]. Let EVG ,,,: νμ  be an IFG where crisp graph G 

is an odd cycle. Then G is a constant IFG if and only if ( )22, νμ  is a 

constant function. 

Theorem 2.3 [12]. Let EVG ,,,: νμ  be an IFG where crisp graph G 

is an even cycle. Then G is a constant IFG if and only if either ( )22, νμ  is a 

constant function or alternate edges have same membership values and non-
membership values. 

Theorem 2.4 [11]. Let EVG ,,,: νμ  be a connected IFG with path 

covers 1P  and 2P  of G. Then the necessary and sufficient condition for an 

IFG to be self centered IFG is 

( ) ( ) ( ) 1,,, PvvGdvv jiji ∈∀=δ μμ  and 

( ) ( ) ( ) .,,, 2PvvGrvv jiji ∈∀=δ νν  (1) 

Definition 2.1 [14]. An intuitionistic fuzzy graph (IFG) is of the form 
EVG ,,,: νμ  is said to be a minmax IFG if 
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 (i) { }nvvvV ...,,, 10=  such that [ ]1,0:1 →μ V  and [ ]1,0:1 →ν V  

denote the degree of membership and non-membership of the element 
,Vvi ∈  respectively, and ( ) ( ) ,10 11 ≤ν+μ≤ ii vv  for every Vvi ∈  

( ),...,,2,1 ni =  

(ii) ,VVE ×⊆  where [ ]1,0:2 →×μ VV  and [ ]1,0:2 →×ν VV  are 

such that 

( ) ( ( ) ( )),,min, 112 jiji vvvv μμ≤μ  

( ) ( ( ) ( ))jiji vvvv 112 ,max, νν≤ν  

denote the degree of membership and non-membership of an edge ( )ji vv ,  

,E∈  respectively, where ( ) ( ) ,1,,0 22 ≤ν+μ≤ jiji vvvv  for every ( )ji vv ,  

.E∈  

Definition 2.2 [15]. Let 111 ,,,: EVG νμ  and 222 ,,,: EVG νμ  be 

two IFGs. Then the join of 1G  and 2G  is an IFG, denoted by =+ 21 GG  

EEEVV ′∪∪∪ 2121 ,  and is defined as 

( ) ( ) ( ) ( ) ,if 211111 VVvvv iii ∪∪ ∈μ′μ=μ′+μ  

( ) ( ) ( ) ( ) ,if 211111 VVvvv iii ∪∪ ∈ν′ν=ν′+ν  

( ) ( ) ( ) ( ) ( ) ,,if,, 212222 EEvvvvvv jijiji ∪∪ ∈μ′μ=μ′+μ  

( ) ( ) ( ( ) ( )) ( ) ,,if,min, 1122 Evvvvvv jijiji ′∈μμ=μ′+μ  

( ) ( ) ( ) ( ) ( ) ,,if,, 212222 EEvvvvvv jijiji ∪∪ ∈ν′ν=ν′+ν  

( ) ( ) ( ( ) ( )) ( ) ,,if,max, 1122 Evvvvvv jijiji ′∈νν=ν′+ν  

where E′  is the set of all edges joining the vertices of 1V  and .2V  
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Definition 2.3 [15]. Let EVGGG ′′νμ=×= ,,,21  be the Cartesian 

product of two graphs 1G  and 2G  where 21 VVV ×=  and 

( ) ( ) ( ){ }222112121 ,,:,, EvuVuvuuuE ∈∀∈=′′  

( ) ( ) ( ){ }.,,:,, 111222121 EvuVvvvvu ∈∀∈∪  

Then the Cartesian product of 1G  and 2G  is an IFG, denoted by 21 GG ×  

and is defined as ,,,,21 EVGG ′′νμ=×  where 

  (i) ( ) ( ) ( ) ( )( ) ( ) 212121112111 ,,,min, VVuuuuuu ×∈∀μ′μ=μ′×μ  and 

( ) ( ) ( ) ( )( ) ( ) .,,,max, 212121112111 VVuuuuuu ×∈∀ν′ν=ν′×ν  

 (ii) ( ) ( ) ( ) ( ) ( )( ),,,min,, 22211212122 vuuvuuu μ′μ=μ′×μ  11 Vu ∈∀  and 

( ) 222, Evu ∈  and ( ) ( ) ( ) ( ) ( )( ),,,max,, 22211212122 vuuvuuu ν′ν=ν′×ν  

11 Vu ∈∀  and ( ) ., 222 Evu ∈  

(iii) ( ) ( ) ( ) ( ) ( )( ) 2211221212122 ,,,min,, Vuvuuuvuu ∈∀μμ′=μ′×μ  and 

( ) 111, Evu ∈  and ( ) ( ) ( ) ( ) ( )( ),,,max,, 11221212122 vuuuvuu νν′=ν′×ν  2u∀  

2V∈  and ( ) ., 111 Evu ∈  

Definition 2.4 [15]. Let EVGGG ,,,21 νμ== D  be the composition 

of two graphs 1G  and 2G  where 21 VVV D=  and 

( ) ( ) ( ){ }222112121 ,,:,, EvuVuvuuuE ∈∀∈=  

( ) ( ) ( ){ }111222121 ,,:,, EvuVvvvvu ∈∀∈∪  

( ) ( ) ( ){ }.,,:,, 221112121 vuEvuvvuu ≠∀∈∪  

Then the composition of 1G  and 2G  is an IFG, denoted by 21 GG D  and is 

defined as 

  (i) ( ) ( ) ( ) ( )( ) ( ) 212121112111 ,,,min, VVuuuuuu ×∈∀μ′μ=μ′μ D  and 

( ) ( ) ( ) ( )( ) ( ) .,,,max, 212121112111 VVuuuuuu ×∈∀ν′ν=ν′ν D  
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 (ii) ( ) ( ) ( ) ( ) ( )( ),,,min,, 22211212122 vuuvuuu μ′μ=μ′μ D  11 Vu ∈∀  and 

( ) 222, Evu ∈  and ( ) ( ) ( ) ( ) ( )( ),,,max,, 22211212122 vuuvuuu ν′ν=ν′ν D  

11 Vu ∈∀  and ( ) ., 222 Evu ∈  

(iii) ( ) ( ) ( ) ( ) ( )( ) 2211221212122 ,,,min,, Vuvuuuvuu ∈∀μμ′=μ′μ D  and 

( ) 111, Evu ∈  and ( ) ( ) ( ) ( ) ( )( ),,,max,, 11221212122 vuuuvuu νν′=ν′ν D  2u∀  

2V∈  and ( ) 111, Evu ∈  and ( ) ( ) ( ) ( ( ) ( ),,min,, 2121212122 vuvvuu μ′μ′=μ′μ D  

( )) ( ) ( ) EEvvuuvu ′′−∈∀μ 2121112 ,,,,  and 

( ) ( ) ( ) ( ) ( ) ( )( ),,,,max,, 1122121212122 vuvuvvuu νν′ν′=ν′ν D   

( ) ( ) ,,, 2121 EEvvuu ′′−∈∀  

where 

( ) ( ) ( ){ }222112121 ,,:,, EvuVuvuuuE ∈∀∈=′′  

( ) ( ) ( ){ }.,,:,, 111222121 EvuVvvvvu ∈∀∈∪  

Definition 2.5 [11]. Let EVG ,,,: νμ  be a connected IFG. Then the 

μ-length of a path nvvvP ...,,,: 21  in G, ( ),Plμ  is defined as ( ) =μ Pl  

( )∑ −
= +μ

1
1 12

.,
1n

i ii vv  

Definition 2.6 [11]. Let EVG ,,,: νμ  be a connected IFG. Then the 

ν-length of a path nvvvP ...,,,: 21  in G, ( ),Plν  is defined as ( ) =ν Pl  

( )∑ −
= +ν

1
1 12

.,
1n

i ii vv  

Definition 2.7 [11]. The μν-length of a path nvvvP ...,,,: 21  in G, 

( ),Plμν  is defined as ( ) ( )., νμμν = llPl  

Definition 2.8 [11]. Let EVG ,,,: νμ  be a connected IFG. Then the 

μ-distance, ( ),, ji vvμδ  is the smallest μ-length of any ji vv −  path P in G, 

where ., Vvv ji ∈  That is, ( ) ( ( )).min, Plvv ji μμ =δ  
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Definition 2.9 [11]. Let EVG ,,,: νμ  be a connected IFG. Then the 

ν-distance, ( ),, ji vvνδ  is the smallest ν-length of any ji vv −  path P in G, 

where ., Vvv ji ∈  That is, ( ) ( ( )).min, Plvv ji νν =δ  

Definition 2.10 [11]. Let EVG ,,,: νμ  be a connected IFG. Then the 

distance, ( ),, ji vvδ  is defined as ( ) ( ( ) ( )).,,,, jijiji vvvvvv νμ δδ=δ  

Definition 2.11 [11]. Let EVG ,,,: νμ  be a connected IFG. For each 

,Vvi ∈  the μ-eccentricity of ,iv  denoted by ( )iveμ  and is defined as ( ) =μ ive  

{ ( ) }.,:,max jiiji vvVvvv ≠∈δμ  

Definition 2.12 [11]. Let EVG ,,,: νμ  be a connected IFG. For each 

,Vvi ∈  the ν-eccentricity of ,iv  denoted by ( )iveν  and is defined as ( ) =ν ive  

{ ( ) }.,:,min jiiji vvVvvv ≠∈δν  

Definition 2.13 [11]. Let EVG ,,,: νμ  be a connected IFG. For each 

,Vvi ∈  the eccentricity of ,iv  denoted by ( )ive  and is defined as ( ) =ive  

( ( ) ( ))., ii veve νμ  

Definition 2.14 [11]. Let EVG ,,,: νμ  be a connected IFG. Then the 

μ-radius of G is denoted by ( )Grμ  and is defined as ( ) { ( ) :min iveGr μμ =  

}.Vvi ∈  

Definition 2.15 [11]. Let EVG ,,,: νμ  be a connected IFG. Then the 

ν-radius of G is denoted by ( )Grν  and is defined as ( ) { ( ) :min iveGr νν =  

}.Vvi ∈  

Definition 2.16 [11]. Let EVG ,,,: νμ  be a connected IFG. Then the 

radius of G is denoted by ( )Gr  and is defined as ( ) ( ( ) ( ))., GrGrGr νμ=  

Definition 2.17 [11]. Let EVG ,,,: νμ  be a connected IFG. Then           
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the μ-diameter of G is denoted by ( )Gdμ  and is defined as ( ) =μ Gd  

{ ( ) }.:max Vvve ii ∈μ  

Definition 2.18 [11]. Let EVG ,,,: νμ  be a connected IFG. Then the 

ν-diameter of G is denoted by ( )Gdν  and is defined as ( ) { ( )iveGd νν = max  

}.: Vvi ∈  

Definition 2.19 [11]. Let EVG ,,,: νμ  be a connected IFG. Then the 

diameter of G is denoted by ( )Gd  and is defined as ( ) ( ( ) ( ))., GdGdGd νμ=  

Definition 2.20 [11]. A vertex Vvi ∈  is called a central vertex of a 

connected IFG ,,,,: EVG νμ  if ( ) ( )iveGr μμ =  and ( ) ( )iveGr νν =  and 

the set of all central vertices of an IFG is denoted by ( ).GC  

Definition 2.21 [11]. ( ) EVHGC ′′ν′μ′= ,,,:  is an IF subgraph of 

EVG ,,,: νμ  induced by the central vertices of G, is called the center of G. 

Definition 2.22 [11]. A connected IFG EVG ,,,: νμ  is a self 

centered graph, if every vertex of G is a central vertex, that is, ( ) =μ Gr  

( )iveμ  and ( ) ( ) ., VvveGr ii ∈∀= νν  

3. Self Median Intuitionistic Fuzzy Graphs 

In this section, we study briefly about the self median IFG. First, let us 
understand the basic terminologies which are needed and then we start with 
the condition for an IFG to be self median. Also, we give the relationship 
between self median, self centered IFG and constant IFG. 

Definition 3.1. Let EVG ,,,: νμ  be a connected IFG. Then the        

μ-status of a vertex iv  is denoted by ( )ivSμ  and is defined as ( ) =μ ivS  

( )∑
∈∀

μδ
Vv

ji
j

vv .,  
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Definition 3.2. Let EVG ,,,: νμ  be a connected IFG. Then the        

ν-status of a vertex iv  is denoted by ( )ivSν  and is defined as ( ) =ν ivS  

( )∑
∈∀

νδ
Vv

ji
j

vv .,  

Definition 3.3. Let EVG ,,,: νμ  be a connected IFG. Then the              

μν-status of a vertex iv  is denoted by ( )ivSμν  and is defined as ( ) =μν ivS  

( ( ) ( ))., ii vSvS νμ  

Example 3.1. In the following Figure 3.1, the IFG is EVG ,,,: νμ  

such that { },,,, 4321 vvvvV =  ( ) ( ) ( ) ( ){ }.,,,,,,, 14433221 vvvvvvvvE =  

 
Figure 3.1. Intuitionistic fuzzy graph. 

By routine calculations, we have 

( ) ( ) ( ) ( ) ,3,,2,,4,,3, 32413121 =δ=δ=δ=δ μμμμ vvvvvvvv  

( ) ( ) ( ) ( ) ,7,,3,,2,,5, 31214342 =δ=δ=δ=δ ννμμ vvvvvvvv  

( ) ( ) ( ) ( ) ,4,,6,,4,,3, 43423241 =δ=δ=δ=δ νννν vvvvvvvv  

( ) ( ) ( ) ( ) ( ) ,13,9,9,11,9 14321 ===== νμμμμ vSvSvSvSvS  

( ) ( ) ( ) .13,15,13 432 === ννν vSvSvS  

Therefore, ( ) ( ) ( ) ( ) ( ) ( ) ( )4321 ,15,9,13,11,13,9 vSvSvSvS μνμνμνμν ===  

( ).13,9=  
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Definition 3.4. Let EVG ,,,: νμ  be a connected IFG. Then the 

minimum μ-status of G is denoted by [ ( )]GSm μ  and is defined as [ ( )]GSm μ  

( ( )) .,min VvvS ii ∈∀= μ  

Definition 3.5. Let EVG ,,,: νμ  be a connected IFG. Then the 

minimum ν-status of G is denoted by [ ( )]GSm ν  and is defined as [ ( )]GSm ν  

( ( )) .,min VvvS ii ∈∀= ν  

Definition 3.6. Let EVG ,,,: νμ  be a connected IFG. Then the 

minimum μν -status of G is denoted by [ ( )]GSm μν  and is defined as 

[ ( )] ( [ ( )] [ ( )])., GSmGSmGSm νμμν =  

Definition 3.7. Let EVG ,,,: νμ  be a connected IFG. Then the 

maximum μ-status of G is denoted by [ ( )]GSM μ  and is defined as [ ( )]GSM μ  

( ( ) ).,max VvvS ii ∈∀= μ  

Definition 3.8. Let EVG ,,,: νμ  be a connected IFG. Then the 

maximum ν-status of G is denoted by [ ( )]GSM ν  and is defined as [ ( )]GSM ν  

( ( ) ).,max VvvS ii ∈∀= ν  

Definition 3.9. Let EVG ,,,: νμ  be a connected IFG. Then the 

maximum μν-status of G is denoted by [ ( )]GSM μν  and is defined as 

[ ( )] ( [ ( )] [ ( )])., GSMGSMGSM νμμν =  

Example 3.2. In the following Figure 3.2, the IFG is ,,,,: EVG νμ  

such that { } ( ) ( ) ( ){ }.,,,,,,,, 133221321 vvvvvvEvvvV ==  
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Figure 3.2. Intuitionistic fuzzy graph. 

By routine calculations, we have 

( ) ( ) ( ) ( ) ,3,,4,,3,,4, 21323121 =δ=δ=δ=δ νμμμ vvvvvvvv  

( ) ( ) ( ) ( ) ,8,7,4,,3, 213231 ===δ=δ μμμν vSvSvvvv  

( ) ( ) ( ) ( ) .7,7,6,7 3213 ==== μμνμ vSvSvSvS  

Therefore, ( ) ( ),6,71 =μν vS  ( ) ( ),7,82 =μν vS  ( ) ( ).7,73 =μν vS  [ ( )]GSm μν  

( ) [ ( )] ( ).7,8,6,7 == μν GSM  

Definition 3.10. The total μ-status of an IFG G is denoted by [ ( )]GSt μ  

and is defined as [ ( )] ( )∑
∈∀

μμ =
Vv

i
i

vSGSt .  

Definition 3.11. The total ν-status of an IFG G is denoted by [ ( )]GSt ν  

and is defined as [ ( )] ( )∑
∈∀

νν =
Vv

i
i

vSGSt .  

Definition 3.12. An IFG EVG ,,,: νμ  is said to be self median if all 

the vertices have the same status. In other words, G is self median if and only 
if [ ( )] [ ( )].GSMGSm μνμν =  

Example 3.3. In the following Figure 3.3, the IFG is ,,,,: EVG νμ  

such that { } ( ) ( ) ( ) ( ){ }.,,,,,,,,,,, 144332214321 vvvvvvvvEvvvvV ==  
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Figure 3.3. Self median IFG. 

By routine calculations, we have 

( ) ( ) ( ) ( ) ,3,,3,,6,,3, 32413121 =δ=δ=δ=δ μμμμ vvvvvvvv  

( ) ( ) ( ) ( ) ,7,,3,,3,,6, 31214342 =δ=δ=δ=δ ννμμ vvvvvvvv  

( ) ( ) ( ) ( ) ,3,,7,,4,,4, 43423241 =δ=δ=δ=δ νννν vvvvvvvv  

( ) ( ) ( ) ( ) ( ) ,14,12,12,12,12 14321 ===== νμμμμ vSvSvSvSvS  

( ) ( ) ( ) .14,14,14 432 === ννν vSvSvS  

Therefore, ( ) ( ) ( ) ( ) ( ) ( ) ( )4321 ,14,12,14,12,14,12 vSvSvSvS μνμνμνμν ===  

( )14,12=  and [ ( )] ( ).56,48=μν GSt  Here, ( ) ( ),14,12=μν ivS  .Vvi ∈∀  Hence 

G is self median intuitionistic fuzzy graph. 

Definition 3.13. Let 111 ,,,: EVG νμ  and 222 ,,,: EVG νμ  be two 

IFGs. Then the union of 1G  and 2G  is an IFG, denoted by =21 GG ∪  

2121 , EEVV ∪∪  and is defined as 

 ( ) ( )

( )

( )

( ) ( )( )⎪
⎩

⎪
⎨

⎧

∈μ′μ

−∈μ′

−∈μ

=μ′μ

,,,max

,,

,,

2111

121

211

11

VVvvv

VVvv

VVvv

v

iii

ii

ii

i

∩

∪  
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 ( ) ( )

( )

( )

( ) ( )( )⎪
⎩

⎪
⎨

⎧

∈ν′ν

−∈ν′

−∈ν

=ν′ν

,,,min

,,

,,

2111

121

211

11

VVvvv

VVvv

VVvv

v

iii

ii

ii

i

∩

∪  

 ( ) ( )ji vv ,22 μ′μ ∪  

( ( ) ( )) ( )

(( )( ) ( ( ) ( )))

⎪
⎪
⎪
⎪

⎩

⎪⎪
⎪
⎪

⎨

⎧

−∈−∈

∈−∈μ′μμ′μ

∈μ′μ

−∈μ′

−∈μ

=

,or

and,,,max,min

,,,,,,max

,,

,,

1221

21211111

2122

122

212

EEeEEe

VVvVVvvvv

EEvvvvvv

EEe

EEe

ijij

jijji

jijiji

ijij

ijij

∩∪

∩  

 ( ) ( )ji vv ,22 ν′ν ∪  

(( )( ) ( )( )) ( )

(( )( ) ( ( ) ( )))

⎪
⎪
⎪
⎪

⎩

⎪⎪
⎪
⎪

⎨

⎧

−∈−∈

∈−∈ν′νν′ν

∈ν′νν′ν

−∈ν′

−∈ν

=

,or

and,,,min,max

,,,,min

,,

,,

1221

21211111

211111

122

212

EEeEEe

VVvVVvvvv

EEvvvv

EEe

EEe

ijij

jijji

jiji

ijij

ijij

∩∪

∩∪∪  

where ( )11, νμ  and ( )11, ν′μ′  refer the vertex membership and non-membership 

of 1G  and ,2G  respectively; ( )22, νμ  and ( )22, ν′μ′  refer the edge membership 

and non-membership of 1G  and ,2G  respectively. 

Example 3.4. In the following Figure 3.5, the IFGs are :1G  

11,,, EVνμ  and 222 ,,,: EVG νμ  such that { },,, 3211 uvvV =  =1E  

( ) ( ) ( ){ },,,,,, 233121 vuuvvv  { },,,, 43212 vvvvV =  {( ) ( ),,,, 32212 vvvvE =  

( ) ( )}1443 ,,, vvvv  and { },,,,, 3432121 uvvvvVV =∪  {( ),, 2121 vvEE =∪  

( ) ( ) ( ) ( ) ( )}.,,,,,,,,, 2331144332 vuuvvvvvvv  
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Figure 3.4. 1G  and .2G  

 

Figure 3.5. .21 GG ∪  

Definition 3.14. Let 111 ,,,: EVG νμ  and 222 ,,,: EVG νμ  be two 

IFGs. Then the intersection of 1G  and 2G  is an IFG, denoted by =21 GG ∩  

2121 , EEVV ∩∩  and is defined as 

 ( ) ( )

( )

( )

( ) ( )( )⎪
⎩

⎪
⎨

⎧

∈μ′μ

−∈μ′

−∈μ

=μ′μ

,,,min

,,

,,

2111

121

211

11

VVvvv

VVvv

VVvv

v

iii

ii

ii

i

∩

∩  
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 ( ) ( )

( )

( )

( ) ( )( )⎪
⎩

⎪
⎨

⎧

∈ν′ν

−∈ν′

−∈ν

=ν′ν

,,,max

,,

,,

2111

121

211

11

VVvvv

VVvv

VVvv

v

iii

ii

ii

i

∩

∩  

 ( ) ( )ji vv ,22 μ′μ ∩  

(( )( ) ( ( ) ( )))

( ( ) ( )) ( )⎪
⎪
⎪
⎪

⎩

⎪⎪
⎪
⎪

⎨

⎧

∈μ′μ

−∈−∈

∈−∈ν′νν′ν

−∈μ′

−∈μ

=

,,,,,,min

,or

and,,,min,min

,,

,,

2122

1221

21211111

122

212

EEvvvvvv

EEeEEe

VVvVVvvvv

EEe

EEe

jijiji

ijij

jijji

ijij

ijij

∩

∩∩  

 ( ) ( )ji vv ,22 ν′ν ∩  

(( )( ) ( ( ) ( )))

( ( ) ( )) ( )⎪
⎪
⎪
⎪

⎩

⎪⎪
⎪
⎪

⎨

⎧

∈ν′ν

−∈−∈

∈−∈ν′νν′ν

−∈ν′

−∈ν

=

,,,,,,max

,or

and,,,max,max

,,

,,

2122

1221

21211111
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212

EEvvvvvv

EEeEEe

VVvVVvvvv

EEe

EEe

jijiji

ijij

jijji

ijij

ijij

∩

∩∩  

where ( )11, νμ  and ( )11, ν′μ′  refer the vertex membership and non-membership 

of 1G  and ,2G  respectively; ( )22, νμ  and ( )22, ν′μ′  refer the edge membership 

and non-membership of 1G  and ,2G  respectively. 

Example 3.5. In the following Figure 3.6, the IFGs are :1G  

11,,, EVνμ  and 222 ,,,: EVG νμ  such that { },,, 3211 uvvV =  =1E  

( ) ( ) ( ){ },,,,,, 233121 vuuvvv  { },,,, 43212 vvvvV =  {( ) ( ),,,, 32212 vvvvE =  

( ) ( )}1443 ,,, vvvv  and { },,,,, 3432121 uvvvvVV =∩  {( ),, 2121 vvEE =∩  

( ) ( ) ( ) ( ) ( )}.,,,,,,,,, 2331144332 vuuvvvvvvv  
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Figure 3.6. 1G  and .2G  

 

Figure 3.7. .21 GG ∩  

Theorem 3.1. Let ( )EVG ,,,: νμ  be an IFG where crisp graph G is an 

odd cycle. Then G is self median IFG if and only if ( )22, νμ  is a constant 

function. 

Proof. If ( )22, νμ  is a constant function, say 12 c=μ  and 22 c=ν  for 

all ,, Evv ji ∈  then ( ) ,1lvS i =μ  ( ) ,2lvS i =ν  .Vvi ∈∀  Hence G is self 

median IFG. 

Conversely, suppose that G is self median IFG. 
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Let 1221 ...,,, +neee  be the edges of G in that order. Let us assume that 

( )22, νμ  is not a constant function. Then ( ) ( )ji vSvS μμ ≠  and ( ) ≠ν ivS  

( ),jvSν  for some i, j, where ,ji ≠  ....,,2,1, nji =  Hence G is not self 

median, which is a contradiction. Therefore, ( )22, νμ  is a constant. ~ 

Theorem 3.2. Let EVG ,,,: νμ  be an IFG where crisp graph G is an 

even cycle. Then G is self median IFG if and only if either ( )22, νμ  is a 

constant function or alternate edges have same membership values and non-
membership values. 

Proof. If either ( )22, νμ  is a constant function or alternate edges have 

same membership values and non-membership values, then G is a self 
median IFG. Conversely, suppose G is a self median IFG. Let neee 221 ...,,,  

be the edges of even cycle ∗G  in that order. Since G is a self median IFG 
and also crisp graph G is an even cycle, ( )ivSμ  is same for all ....,,2,1 ni =  

That is ( ) ( ) ( ).21 nvSvSvS μμμ === "  Let us assume that ( )22, νμ  is not 

a constant function and alternate edges have different membership values and 
non-membership values. Then ( ) ( )ji vSvS μμ ≠  and ( ) ( ),ji vSvS νν ≠  for 

some i, j, where ,ji ≠  ....,,2,1, nji =  Hence G is not a self median, 

which is a contradiction. Therefore, ( )22, νμ  is a constant function and 

alternate edges have same membership values and non-membership values. ~ 

Proposition 3.3. Every complete IFG is not a self median IFG. 

Theorem 3.4. In a complete IFG ,,,,: EVG νμ  [ ( )] =μ GSM  

( ) ( ) [ ( )] ( ) ( ).1,1 GrnGSmGrn ννμ −=−  

Proof. Let EVG ,,,: νμ  be a complete IFG and n be the number of 

vertices in G, say ....,,, 21 nvvv  Let ( )11 vμ  be the least. Then ( ) =μ ivv ,12  

( ),11 vμ  ,...,,3,2 ni =∀  which implies ( ) ( )11
1

1, vvv i μ
=δμ  and ( )ji vv ,μδ  
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,1
2ijμ

=  where ....,,2,1,...,,3,2, njniji ==≠  But 

 ( ) ,11
211 ijv μ

>
μ

 since ( )11 vμ  is least. (2) 

Therefore, ( ) ( ( )) ( ) ,1,max
11 vvvve jii μ

=δ= μμ  where ,ji ≠  ,2,1, =∀ ji  

,..., n  and ( ) ( ( )) ( ) .1min
11 vveGr i μ

== μμ  The μ-status is given by ( ) =μ 1vS  

( ) ( ) ( )∑
≠

μ μ
⋅−=δ

ivv
i vnvv

1

,11,
11

1  ,...,,32 ni =∀  since G is complete and 

( ) ( )∑
≠

μμ δ=
ji vv

jii vvvS ,,  where ni ...,,3,2=  and =j  ....,,2,1 n  But by 

equation (2), ( ) ( ) ....,,3,2,1 nivSvS i =∀> μμ  Therefore, 

[ ( )] ( )1vSGSM μμ =  

( )∑
=

μδ=
n

i
ivv

2
1,  

( ) ( )11

11 vn
μ

⋅−=  

[ ( )] ( ) ( ).1 GrnGSM μμ −=  

Let ( )11 vν  be the greatest. Then ( ) ( ),, 1112 vvv i ν=ν  ni ...,,3,2=∀  

which implies ( ) ( )11
1

1, vvv i ν
=δν  and ( ) ,1,

2ij
ji vv

ν
=δν  where ,ji ≠  

,...,,3,2 ni =  ....,,2,1 nj =  But 

 ( ) ,11
211 ijv ν

<
ν

 since ( )11 vν  is greatest. (3) 

Therefore, ( ) ( ( )) ( ) ,1,min
11 vvvve jii ν

=δ= νν  where ,ji ≠  ,2,1, =∀ ji  
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,..., n  and ( ) ( ( )) ( ) .1min
11 vveGr i ν

== μν  The ν-status is given by ( ) =ν 1vS  

( ) ( ) ( )∑
≠

ν ν
⋅−=δ

ivv
i vnvv

1

,11,
11

1  ,...,,3,2 ni =∀  since G is complete and 

( ) ( )∑
≠

νν δ=
ji vv

jii vvvS ,,  where ni ...,,3,2=  and ....,,2,1 nj =  But by 

equation (3), ( ) ( ),1 ivSvS νν <  ....,,3,2 ni =∀  Therefore, 

[ ( )] ( )1vSGSm νμ =  

( )∑
=

νδ=
n

i
ivv

2
1,  

( ) ( )11

11 vn
ν

⋅−=  

[ ( )] ( ) ( ).1 GrnGSm νμ −=  ~ 

Theorem 3.5. Every constant IFG is a self centered IFG. 

Proof. Let EVG ,,,: νμ  be a constant IFG and let ,1P  2P  be the path 

covers of G. 

Case (i). Let the crisp graph G be of odd cycle. By Theorem 2.2, 
( )22, νμ  is a constant function. If ( )22, νμ  is a constant function, then 

( ) ( ) ( ) 1,,, PvvGdvv jiji ∈∀=δ μμ  and ( ) ( ) ( ) 2,,, PvvGrvv jiji ∈∀=δ μν  

which implies that ( ) 1kve i =μ  and ( ) .,2 Vvkve ii ∈∀=ν  Therefore, ( )Grμ  

( ) ( ) ( )., ii veGrve ννμ ==  Hence G is self centered IFG. 

Case (ii). Let the crisp graph ( )EVG ,,,: νμ  be of even cycle. By 

Theorem 2.3, either ( )22, νμ  is a constant function or alternate edges have 

same membership and non-membership values. Suppose that ( )22, νμ  is a 
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constant function, then ( ) ( ) .,, 21 Vvkvekve iii ∈∀== νμ  Therefore, ( )Grμ  

( ) ( ) ( )., ii veGrve ννμ ==  Hence G is self centered IFG. 

Now suppose that the alternate edges have the same membership and 
non-membership values. Then ( ) ( ),, Gdvv ji μμ =δ  ( ) 1, Pvv ji ∈∀  and 

( ) ( ),, Grvv ji μν =δ  ( ) 2, Pvv ji ∈∀  which implies that ( ) 1kve i =μ  and 

( ) ,2kve i =ν  .Vvi ∈∀  Therefore, ( ) ( ),iveGr μμ =  ( ) ( ).iveGr νν =  Hence 

G is self centered IFG. ~ 

Theorem 3.6. Every self median IFG is a self centered IFG. 

Proof. Proof follows from Theorems 2.2, 2.3, 3.1, 3.2 and then from 
Theorem 3.5. ~ 

Note 3.7. Every self centered IFG is not necessarily self median IFG. 

Theorem 3.8. Every constant IFG is a self median IFG. 

Proof. Proof follows from Theorems 2.2, 2.3, 3.1 and 3.2. ~ 

4. Operations on Complete Intuitionistic Fuzzy Graphs 

In this section, we study about the operations on complete IFG. We can 
conceptualize about the operation of two IFGs 1G  and 2G  to be the 

complete IFG or not by considering 1G  and 2G  are complete IFG and also 

we discussed for self centered IFG and self median IFG under the same 
consideration. 

Theorem 4.1. Let 111 ,,,: EVG νμ  and 222 ,,,: EVG ν′μ′  be 

complete IFG. Then 1G  and 2G  are complete IFG if and only if 21 GG D  is 

a complete IFG. 

Proof. Given that 111 ,,,: EVG νμ  and 222 ,,,: EVG ν′μ′  are 

complete IFG, where ( )11, νμ  and ( )22, νμ  are membership and non-

membership values of a vertex and edge in ,1G  ( )11, ν′μ′  and ( )22, ν′μ′  are 
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membership and non-membership values of a vertex and an edge in .2G  Let 

( )EVGGG ,21 == D  be the composition of two graphs 1G  and ,2G  where 

21 VVV ×=  and 

( ) ( ) ( ){ }222112121 ,,:,, EvuVuvuuuE ∈∀∈=  

( ) ( ) ( ){ }111222121 ,,:,, EvuVvvvvu ∈∀∈∪  

( ) ( ) ( ){ }.,,:,, 221112121 vuEvuvvuu ≠∀∈∪  

Let 111, Vvu ∈  and ., 222 Vvu ∈  Then by the definition of composition 

of IFGs 1G  and ,2G  we have 

( ) ( ) ( ) ( )( ),,min, 21112111 uuuu μ′μ=μ′μ D  

( ) ( ) ( ) ( )( ),,min, 21112111 vuvu μ′μ=μ′μ D  

( ) ( ) ( ) ( )( ),,min, 21112111 vvvv μ′μ=μ′μ D  

( ) ( ) ( ) ( )( ),,min, 21112111 uvuv μ′μ=μ′μ D  

( ) ( ) ( ) ( ) ( )( )22211212122 ,,min,, vuuvuuu μ′μ=μ′μ D  

( ) ( ) ( )( )( ),,min,min 212111 vuu μ′μ′μ=  

since 2G  is complete 

( ) ( )( ) ( ) ( )( )( )21112111 ,min,,minmin vuuu μ′μμ′μ=  

( ) ( ) ( ) ( )( ),,,,min 21112111 vuuu μ′μμ′μ= DD  

11 Vu ∈∀  and ( ) ,, 222 Evu ∈  (4) 

( ) ( ) ( ) ( ) ( )( )11221212122 ,,min,, vuuuvuu μμ′=μ′μ D  

( ) ( ) ( )( )( ),,min,min 111121 vuu μμμ′=  

since 1G  is complete 
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( ) ( )( ) ( ) ( )( )( )21112111 ,min,,minmin uvuu μ′μμ′μ=  

( ) ( ) ( ) ( )( ),,,,min 21112111 uvuu μ′μμ′μ= DD  

22 Vu ∈∀  and ( ) ,, 111 Evu ∈  (5) 

( ) ( ) ( ) ( ) ( ) ( )( )1122121212122 ,,,min,, vuvuvvuu μμ′μ′=μ′μ D  

( ) ( ) ( ) ( )( )( ),,min,,min 11112121 vuvu μμμ′μ′=  

since 1G  is complete 

( ) ( ) ( ) ( )( )11112121 ,,,min vuvu μμμ′μ′=  

( ) ( )( ) ( ) ( )( )( )21112111 ,min,,minmin vvuu μ′μμ′μ=  

( ) ( ) ( ) ( )( ),,,,min 21112111 vvuu μ′μμ′μ= DD  

( ) ( ) ,,, 2121 EEvvuu ′′−∈∀  (6) 

where 

( ) ( ) ( ){ }222112121 ,,:,, EvuVuvuuuE ∈∀∈=′′  

( ) ( ) ( ){ },,,:,, 111222121 EvuVvvvvu ∈∀∈∪  

( ) ( ) ( ) ( )( ),,max, 21112111 uuuu ν′ν=ν′ν D  

( ) ( ) ( ) ( )( ),,max, 21112111 vuvu ν′ν=ν′ν D  

( ) ( ) ( ) ( )( ),,max, 21112111 vvvv ν′ν=ν′ν D  

( ) ( ) ( ) ( )( ),,max, 21112111 uvuv ν′ν=ν′ν D  

( ) ( ) ( ) ( ) ( )( )22211212122 ,,max,, vuuvuuu ν′ν=ν′ν D  

( ) ( ) ( )( )( ),,max,max 212111 vuu ν′ν′ν=  

since 2G  is complete 

( ) ( )( ) ( ) ( )( )( )21112111 ,max,,maxmax vuuu ν′νν′ν=  



M. G. Karunambigai and O. K. Kalaivani 124 

( ) ( ) ( ) ( )( ),,,,max 21112111 vuuu ν′νν′ν= DD  

11 Vu ∈∀  and ( ) ,, 222 Evu ∈  (7) 

 ( ) ( ) ( ) ( ) ( )( )11221212122 ,,max,, vuuuvuu νν′=ν′ν D  

( ) ( ) ( )( )( ),,max,max 111121 vuu ννν′=  

since 1G  is complete 

( ) ( )( ) ( ) ( )( )( )21112111 ,max,,maxmax uvuu ν′νν′ν=  

( ) ( ) ( ) ( )( ),,,,max 21112111 uvuu ν′νν′ν= DD  

22 Vu ∈∀  and ( ) ,, 111 Evu ∈  (8) 

( ) ( ) ( ) ( ) ( ) ( )( )1122121212122 ,,,max,, vuvuvvuu νν′ν′=ν′ν D  

( ) ( ) ( ) ( )( )( ),,max,,max 11112121 vuvu ννν′ν′=  

since 1G  is complete 

( ) ( ) ( ) ( )( )11112121 ,,,max vuvu ννν′ν′=  

( ) ( )( ) ( ) ( )( )( )21112111 ,max,,maxmax vvuu ν′νν′ν=  

( ) ( ) ( ) ( )( ),,,,max 21112111 vvuu ν′νν′ν= DD  

( ) ( ) ,,, 2121 EEvvuu ′′−∈∀  (9) 

where 

( ) ( ) ( ){ }222112121 ,,:,, EvuVuvuuuE ∈∀∈=′′  

( ) ( ) ( ){ }.,,:,, 111222121 EvuVvvvvu ∈∀∈∪  

From equations (4)-(8) and (9), 21 GG D  is a complete IFG. 

Conversely, if 21 GG D  is a complete IFG, then we need to claim that 1G  

and 2G  are complete IFG. Suppose that 1G  and 2G  are not complete IFG. 

Then by the definition of composition of graphs, there is no edge existing 
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between some vertices, which implies that 21 GG D  is not a complete IFG. It 

is a contradiction to the fact that 21 GG D  is a complete IFG. Hence 1G  and 

2G  are complete IFG. ~ 

Theorem 4.2. If 111 ,,,: EVG νμ  and 222 ,,,: EVG ν′μ′  are 

complete IFG, then 21 GG D  is a self centered IFG. 

Proof. Proof follows from Theorem 4.1 and then from Theorem 2.1. ~ 

Theorem 4.3. If 111 ,,,: EVG νμ  and 222 ,,,: EVG ν′μ′  are 

complete IFG, then 21 GG D  is not a self median IFG. 

Proof. Proof follows from Theorem 4.1 and then from Proposition 3.3. ~ 

Theorem 4.4. If 111 ,,,: EVG νμ  and 222 ,,,: EVG ν′μ′  are 

complete IFG, then 21 GG ×  is a ν-self centered IFG. 

Proof. Given that 111 ,,,: EVG νμ  and 222 ,,,: EVG ν′μ′  are 

complete IFG, where ( )11, νμ  and ( )22, νμ  are membership and non-

membership values of a vertex and edge in ,1G  ( )11, ν′μ′  and ( )22, ν′μ′  are 

membership and non-membership values of a vertex and edge in .2G  Let 

( )EVVGGG ,2121 ×=×=  be the Cartesian product of two graphs 1G  and 

,2G  where 

( ) ( ) ( ){ }222112121 ,,:,, EvuVuvuuuE ∈∀∈=  

( ) ( ) ( ){ }111222121 ,,:,, EvuVvvvvu ∈∀∈∪  

( ) ( ) ( ){ }.,,:,, 221112121 vuEvuvvuu ≠∀∈∪  

Let 111, Vvu ∈  and ., 222 Vvu ∈  Then by the definition of Cartesian 

products of IFGs ,21 GG ×  we have 

( ) ( ) ( ) ( )( ),,max, 21112111 uuuu ν′ν=ν′×ν  

( ) ( ) ( ) ( )( ),,max, 21112111 vuvu ν′ν=ν′×ν  
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( ) ( ) ( ) ( )( ),,max, 21112111 vvvv ν′ν=ν′×ν  

( ) ( ) ( ) ( )( ),,max, 21112111 uvuv ν′ν=ν′×ν  

( ) ( ) ( ) ( ) ( )( )22211212122 ,,max,, vuuvuuu ν′ν=ν′×ν  

( ) ( ) ( )( )( )212111 ,max,max vuu ν′ν′ν=  

( ) ( )( ) ( ) ( )( )( )21112111 ,max,,maxmax vuuu ν′ν′ν′ν=  

( ) ( ) ( ) ( )( ),,,,max 21112111 vuuu ν′×νν′×ν=  

11 Vu ∈∀  and ( ) ,, 222 Evu ∈  (10) 

( ) ( ) ( ) ( ) ( )( )11221212122 ,,max,, vuuuvuu νν′=ν′×ν  

( ) ( ) ( )( )( )111121 ,max,max vuu ννν′=  

( ) ( )( ) ( ) ( )( )( )21112111 ,max,,maxmax uvuu ν′νν′ν=  

( ) ( ) ( ) ( )( ),,,,max 21112111 uvuu ν′×νν′×ν=  

22 Vu ∈∀  and ( ) ., 111 Evu ∈  (11) 

Hence 21 GG ×  is a ν-strong IFG. Let 11 Vu ∈  and ( ) lu =ν 11  be the greatest 

value among all other vertices in V. Then 

 ( ) 211 ,, Vxlxu ∈∀=ν  (12) 

and 

( ) ( ) ( ) ,,,,,12 Vvulvuxu jkjk ∈∀=ν  since 21 GG ×  is a ν-strong IFG. 

 (13) 

Then there exists a path cover P such that every vertex of EVG ,,,: νμ  is 

incident to some path of P. Therefore, from equations (12) and (13), 

 ( ) ( ) ( ) ( ) .,,,,, 112 Pvuxulvuxu jkjk ∈∀=ν  (14) 
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Hence ( ) ( ) ,1
,,

1
212 lvuuu jk

=
ν

 which is the least. That is, 

 ( ) ( ) ( ) ( ) ( ) .,,,,, 11 PvuxuGrvuxu jkjk ∈∀=δ νν  (15) 

Hence by Theorem 2.4, EVG ,,,: νμ  is a ν-self centered IFG. ~ 

Corollary 4.5. If 111 ,,,: EVG νμ  and 222 ,,,: EVG ν′μ′  are 

complete IFG, then 21 GG ×  is not necessarily a self centered IFG. 

Example 4.1. The following example proves that 21 GG ×  is not a self 

centered IFG. Consider an IFG, 111 ,,,: EVG νμ  and ,,,,: 222 EVG νμ  

such that { },,, 3211 vvvV =  ( ) ( ) ( ){ },,,,,, 3132211 vvvvvvE =  and =2V  

{ },, 21 uu  ( ){ }., 212 uuE =  

 
Figure 4.1. 1G  and .2G  

 
Figure 4.2. .21 GG ×  
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( ) ( ) ( ) ( ) ( ) ( ),4,7,,4,5,,4,4, 131112112111 =δ=δ=δ uvuvuvuvuvuv  

( ) ( ) ( ) ( ) ( ) ( ),4,5,,8,11,,8,9, 222123112211 =δ=δ=δ uvuvuvuvuvuv  

( ) ( ) ( ) ( ) ( ) ( ),4,7,,8,11,,8,9, 232113211221 =δ=δ=δ uvuvuvuvuvuv  

( ) ( ) ( ) ( ) ( ) ( ),10,12,,5,7,,5,5, 231213122212 =δ=δ=δ uvuvuvuvuvuv  

( ) ( ) ( ) ( ) ( ) ( ),5,7,,6,7,,10,12, 231323221322 =δ=δ=δ uvuvuvuvuvuv  

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ),4,12,4,12,4,11,4,11 22122111 ==== uveuveuveuve  

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( ).4,12,4,11,4,12,4,12 2313 ==== GdGruveuve  

Hence 21 GG ×  is not self centered IFG. 

Corollary 4.6. If 111 ,,,: EVG νμ  and 222 ,,,: EVG ν′μ′  are 

complete IFG, then 21 GG ×  is not necessarily a self median IFG. 

Example 4.2. From Figures 4.1 and 4.2, ( ) ( ),28,3611 =μν uvS  

( ) ( ) ( ) ( ) ( ) ( ) ( )13221221 ,33,38,32,38,28,36 uvSuvSuvSuvS μνμνμνμν ===  

( ),32,44=  ( ) ( ).33,4423 =μν uvS  Here ( ) ( ),2111 uvSuvS μνμν =  ( )11uvSμν  

( ) ( ) ( ) ( ).23132212 uvSuvSuvSuvS μνμνμνμν ≠≠≠≠  Hence 21 GG ×  is not 

a self median IFG. 

Theorem 4.7. Let 111 ,,,: EVG νμ  and 222 ,,,: EVG ν′μ′  be IFG. 

Then 1G  and 2G  are complete IFG if and only if 21 GG +  is a complete IFG. 

Proof. If 1G  and 2G  are complete, then we claim that 21 GG +  is a 

complete IFG. If 1G  has n-vertices and 2G  has m-vertices, then 21 GG +  has 

nm + -vertices and each vertex is having ( ) 1−+ nm  edges. By Definition 

2.2, 

( ) ( ),,min, 112 jiji vv μμ=μ  

( ) ( ) .,,,max, 112 Vvvvv jijiji ∈∀νν=ν  

Hence 21 GG +  is a complete IFG. 
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Conversely, if 21 GG +  is a complete IFG, then we claim that 1G  and 

2G  are complete IFG. Suppose that 1G  and 2G  are not complete IFG, then 

some vertices in 21 GG +  have less than ( ) 1−+ nm  edges with 

( ) ( ),,min, 112 jiji vv μμ=μ  

( ) ( ) ( ) .,,,max, 21112 EEEvvvv jijiji ′∈∀νν=ν ∪∪  

which implies that 21 GG +  is not a complete IFG, which is a contradiction 

to the fact that 21 GG +  is a complete IFG. Hence 1G  and 2G  are complete 

IFG. ~ 

Theorem 4.8. If 111 ,,,: EVG νμ  and 222 ,,,: EVG ν′μ′  are 

complete IFG, then 21 GG +  is a self centered IFG. 

Proof. Proof follows from Theorem 4.7 and then from Theorem 2.1. ~ 

Theorem 4.9. If 111 ,,,: EVG νμ  and 222 ,,,: EVG ν′μ′  are 

complete IFG, then 21 GG +  is not a self median IFG. 

Proof. Proof follows from Theorem 4.7 and then from Proposition 3.3. ~ 

Theorem 4.10. Let 111 ,,,: EVG νμ  and 222 ,,,: EVG ν′μ′  be IFG. 

Then 1G  and 2G  are complete IFG if and only if 21 GG ∪  is a complete 

IFG, where .21 ∅=GG ∩  

Proof. Let ( )EVGGG ,21 == ∪  be the union of two graphs 1G  and 

,2G  where 21 VVV ∪=  and .21 EEE ∪=  

Let ( ) 21, EEvv ji −∈  and ., 21 VVvv ji −∈  Then 

( ) ( ) ( ) ( ( ) ( ))jijiji vvvvvv 11222 ,min,, μμ=μ=μ′μ ∪  

(( ) ( ) ( ) ( ))ji vv 1111 ,min μ′μμ′μ= ∪∪  
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and 

( ) ( ) ( ) ( ( ) ( ))jijiji vvvvvv 11222 ,max,, νν=ν=ν′ν ∪  

(( ) ( ) ( ) ( )).,max 1111 ji vv ν′νν′ν= ∪∪  

Similarly, if ( ) ,, 12 EEvv ji −∈  then 

( ) ( ) (( ) ( ) ( ) ( )),,min, 111122 jiji vvvv μ′μμ′μ=μ′μ ∪∪∪  

( ) ( ) (( ) ( ) ( ) ( )).,max, 111122 jiji vvvv ν′νν′ν=ν′ν ∪∪∪  

Therefore, 21 GG ∪  is a complete IFG. Conversely, if 21 GG ∪  is a 

complete IFG, where ,21 ∅=GG ∩  then 21 GG ∪  is a disconnected IFG. 

That is, it has components 1G  and ,2G  which are complete. Hence 21 GG ∪  

is a complete IFG. ~ 

Theorem 4.11. Let 111 ,,,: EVG νμ  and 222 ,,,: EVG ν′μ′  be IFG. 

Then 1G  and 2G  are complete IFG if and only if 21 GG ∪  is a self centered 

IFG, where .21 ∅=GG ∩  

Proof. Proof follows from Theorem 4.10 and Theorem 2.1. ~ 

Theorem 4.12. If 111 ,,,: EVG νμ  and 222 ,,,: EVG ν′μ′  are 

complete IFG, then 21 GG ∪  is not a self median IFG, where .21 ∅=GG ∩  

Proof. Proof follows from Definition 3.13 and Proposition 3.3. ~ 

Theorem 4.13. If 111 ,,,: EVG νμ  and 222 ,,,: EVG ν′μ′  are 

constant IFG, then 21 GG ∪  is a self median IFG, where .21 ∅=GG ∩  

Proof. If 1G  and 2G  are constant IFG, where ,21 ∅=GG ∩  then 

21 GG ∪  is a disconnected IFG. That is, it has components 1G  and ,2G  

which are constant and therefore 21 GG ∪  is also constant IFG. Hence by 

Theorem 3.8, 21 GG ∪  is a self median IFG. ~ 

Theorem 4.14. If EVG ,,,: νμ  is self centered IFG, then ( ) .GGC ≅  
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Proof. If G is self centered IFG, then we have ( ) ( )ji veve μμ =  and ( )iveν  

( ).jveν=  That is, ( ) ( )iveGr μμ =  and ( ) ( ),iveGr νν =  ....,,2,1 ni =  ( )GC  is 

the set of central vertices. Here ( ) { }....,,1 nvvGC =  Hence, ( ) .GGC ≅  ~ 
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