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Abstract 

In this paper, Subdivision Single Valued Neutrosophic Graph ( ),Gsd  Total Single Valued 

Neutrosophic Graph ( )Gtl  and Middle Single Valued Neutrosophic Graph ( )GM  for a given 

Single Valued Neutrosophic Graph ( )BAG ,=  is defined. Some properties and the isomorphism 

concepts are discussed. Also the relationship of ( )GM  with ( )Gsd  and ( )Gtl  are discussed. 

1. Introduction 

Fuzzy set theory and intuitionistic fuzzy sets theory are useful models for 

dealing with uncertainty and incomplete information. But they may not be 

sufficient in modeling of indeterminate and inconsistent information 

encountered in real world. In order to cope with this issue, neutrosophic set 

theory was proposed by Smarandache as a generalization of fuzzy sets and 

intuitionistic fuzzy sets. Isomorphism on Single valued neutrosophic graphs 

are given by Malarvizhi and Divya [4]. Properties and isomorphism of total 

and middle fuzzy graphs was given by Nagoorgani and Malarvizhi. Properties 
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of middle and total intutionistic fuzzy graphs are also discussed [5]. Here, in 

this paper some properties of subdivision, total and middle Single valued 

Neutrosophic graphs are discussed and isomorphic relation between them are 

also have been discussed. 

2. Preliminaries 

A Single-Valued Neutrosophic graph (SVN graph) is a pair ( )BAG ,=  of 

the crisp graph ( )EVG ,=  (i.e., with underlying set V), where 

 1,0: →VA  is single-valued neutrosophic set in V and  1,0: → VVB  

is single valued neutrosophic relation on V such that 

( )  ( ) ( ),,min yTxTxyT AAB   

( )  ( ) ( ),,min yIxIxyI AAB   

( )  ( ) ( ),,max yFxFxyF AAB   

for all ., Vyx   A is called single-valued neutrosophic vertex set of G and B 

is called single-valued neutrosophic edge set of G, respectively. 

Given a single-valued neutrosophic graph ( )BAG ,=  of a crisp graph, 

the order of G is defined as Order ( ) ( ( ) ( ) ( )),,, GOGOGOG FIT=  where 

( ) ( ) ( ) ( ) ( ) ( ).,,  
===

Vv AFVv AIVv AT vFGOvIGOvTGO  

Given a single-valued neutrosophic graph ( )BAG ,=  of a crisp graph 

( ),, EVG =  the size of G is defined as Size ( ) ( ( ) ( ) ( )),,, GSGSGSG FIT=  

where ( ) ( ) ( ) ( ) ( ) ( ).,,,,,  
===

vu BFvu BIvu BT vuFGSvuIGSvuTGS  

The degree of a vertex x in an SVNG, ( )BAG ,=  is defined to be sum of 

the weights of the edges incident at x. It is denoted by ( )udG  and is equal to 

( ( ) ( ) ( ))  vu Bvu Bvu B vuFvuIvuT ,,,,,  for all v adjacent to u in 

.G   

Two vertices x and y are said to be neighbors in SVNG if either one of the 

following conditions hold 
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i. ( ) ( ) ( ) 0,,0,,0,  yxFyxIyxT BBB  

ii. ( ) ( ) ( ) 0,,0,,0, = yxFyxIyxT BBB  

iii. ( ) ( ) ( ) 0,,0,,0, = yxFyxIyxT BBB  

iv. ( ) ( ) ( ) 0,,0,,0, = yxFyxIyxT BBB  

v. ( ) ( ) ( ) 0,,0,,0, == yxFyxIyxT BBB  

vi. ( ) ( ) ( ) 0,,0,,0, == yxFyxIyxT BBB  

vii. ( ) ( ) ( ) 0,,0,,0, == yxFyxIyxT BBB  for ., Ayx   

A single-valued neutrosophic graph ( )BAG ,=  is called strong if the 

following conditions are satisfied: 

( )  ( ) ( ),,min yTxTxyT AAB =  

( )  ( ) ( ),,min yIxIxyI AAB =  

( )  ( ) ( ),,max yFxFxyF AAB =  for all non zero edges ( ) ., Eyx   

A single-valued neutrosophic graph ( )BAG ,=  is called complete if the 

following conditions are satisfied: 

( )  ( ) ( ),,min yTxTxyT AAB =  

( )  ( ) ( ),,min yIxIxyI AAB =  

( )  ( ) ( ),,max yFxFxyF AAB =  for all ., Ayx   

Let G and G   be single valued neutrosophic graphs with underlying sets 

V and V   respectively. A homomorphism of single valued neutrosophic 

graphs, GGh →:  is a map VVh →:  which satisfies 

( ) ( )( ) ( ) ( )( ) ( ) ( )( )uhFuFuhIuIuhTuT AAAAAA   ,,  for all Vu    

( ) ( ) ( )( ) ( ) ( ) ( )( ) ( ) ( ) ( )( )vhuhFvuFvhuhIvuIvhuhTvuT BBBBAB ,,,,,,,,  

 for all ., Vvu   

Let G and G   be single valued neutrosophic graphs with underlying sets 

V and V   respectively. An isomorphism of single valued neutrosophic graphs, 
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GGh →:  is a bijective map VVh →:  which satisfies 

( ) ( )( ) ( ) ( )( ) ( ) ( )( )uhFuFuhIuIuhTuT AAAAAA  === ,,  for all Vu   

( ) ( ) ( )( ) ( ) ( ) ( )( ) ( ) ( ) ( )( )vhuhFvuFvhuhIvuIvhuhTvuT BBBBBB ,,,,,,,,  ===  

for all ., Vvu   Then G is said to be isomorphic to .G  

A weak isomorphism of single valued neutrosophic graphs, GGh →:  is 

a map VVh →:  which is a bijective homomorphism that satisfies 

( ) ( )( ) ( ) ( )( ) ( ) ( )( )uhFuFuhIuIuhTuT AAAAAA  === ,,  for all .Vu   

A co-weak isomorphism of single valued neutrosophic graphs, 

GGh →:  is a map VVh →:  which is a bijective homomorphism that 

satisfies 

( ) ( ) ( )( ) ( ) ( ) ( )( ) ( ) ( ) ( )( )vhuhFvuFvhuhIvuIvhuhTvuT BBBBBB ,,,,,,,,  ===  

for all ., Vvu   

The busy value of the vertex x in G is 

( ) ( ( ) ( ) ( )) ( ( ) ( ),,,  ==
i

iAAFIT xTxTxBVxBVxBVxBV
AAA

 

( ) ( ) ( ) ( )) 
i

iAA
i

iAA xFxFxIxI ,  

where ix  are the neighbours of x and the busy value of G is 

( ) ( )= i ixBVGBV  where ix  are the vertices of G. 

A vertex in a G is a busy vertex if ( ) ( ) ( ).,, xdxFIT GAAA   

3. Subdivision Single Valued Neutrosophic Graph 

Here, we define Subdivision of Single valued Neutrosophic graph and 

discuss some properties. 

Definition 3.1. Let ( )BAG ,:  be a SVN graph with the underlying crisp 

graph ( )., EVG =  The vertices and edges of G are taken together as vertex 

set of ( ) ( ),, sdsd BAGsd =  each edge ‘e’ in G is replaced by a new vertex and 

that vertex is made as a adjacent of those vertices which lie on ‘e’ in G. Here 
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sdA  is a SVN subset defined on EV   as 

( ) ( ) ( ) ( )xFITxFIT AAAsdAAA ,,,, =  if Vx   

( ) ( )xFIT BBB ,,=  if .Ex   

The SVN relation sdB  on EV   is defined as 

( ) ( ) ( )yTxTyxT BABsd
=,  if Vx   and Ey   

0=  otherwise 

( ) ( ) ( )yIxIyxI BABsd
=,  if Vx   and Ey   

0=  otherwise 

( ) ( ) ( )yFxFyxF BABsd
=,  if Vx   and Ey   

0=  otherwise 

( ) ( )yxFIT
sdsdsd BBB ,,,  is a SVN relation on ( )

sdsdsd AAA FIT ,,  and hence 

the pair ( ) ( ),, sdsd BAGsd =  is a SVN graph. This pair is said as subdivision 

SVN graph of G. 

 

In the above ( ) ( ) ( ) ( ) ( ),7.0,2.0,2.0,,7.0,2.0,1.0,, == buuaGsd  

( ) ( ) ( ) ( ) ( ) ( ),8.0,2.0,3.0,,7.0,2.0,3.0,,6.0,2.0,2.0, === wccvvb  

( ) ( ) ( ) ( ) ( ) ( ).4.0,2.0,1.0,,6.0,3.0,4.0,,8.0,3.0,4.0, === axxddw  

Properties of Subdivision SVN Graph  

Theorem 3.2. Let ( )BAG ,=  be SVN graph and ( )Gsd  is its subdivision 

SVN graph, order of ( ) ( ) ( ).GsizeGorderGsd +=  

Proof. By definition of ( ),Gsd  vertex set of ( )Gsd  is .EV   
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Order of ( ) ( ( )( ) ( )( ) ( )( )),,, GsdOGsdOGsdOGsd FIT=   

( ) ( ) ( )













= 

 EVx

A

EVx

A

EVx

A xFxIxT
sdsdsd



,,

( ) ( ) ( ) ( ) ( ) ( )













+++++= 

 Ex

A

Vx

A

Ex

A

Vx

A

Ex

A

Vx

A xFxFxIxIxTxT
sdsdsdsdsdsd

 

( ) ( ) ( ) ( ) ( ) ( )













+













= 

 Ex

A

Ex

A

Ex

A

Vx

A

Vx

A

Vx

A xFxIxTxFxIxT
sdsdsdsdsdsd

,,,,  

( ) ( ).GsizeGorder +=  

Theorem 3.3. Number of edges in ( )Gsd  is equal to twice number of 

edges in G. 

Proof. As each edge in G is replaced by a new vertex and as exactly two 

vertices lie on an edge in G, it is adjacent to exactly two vertices in ( ).Gsd   

Thus number of edges in ( )Gsd  is equal to twice the number of edges in G. 

Theorem 3.4. Let ( )BAG ,=  be SVN graph and ( )Gsd  is its subdivision 

SVN graph, size of ( ) =Gsd  twice the size ( ).G  

Proof. By definition of ( )Gsd  vertex set of ( )Gsd  is .EV   

Size of ( ) ( ( )( ) ( )( ) ( )( ))GsdSGsdSGsdSGsd FIT ,,=  

( ( ) ( ) ( ))= yxFyxIyxT
sdsdsd BBB ,,,,,  where EyVx  ,  and x 

lies on y 

(  ( ) ( )  ( ) ( )  ( ) ( ))= yFxFyIxIyTxT
sdsdsdsdsdsd AAAAAA ,max,,min,,min  

(  ( ) ( )  ( ) ( )  ( ) ( )).,max,,min,,min = yFxFyIxIyTxT BABABA  

As each newly added vertex lies on exactly two edges in ( ),Gsd  the value of it 

contributes two times to the sum in the equation 

( ( ) ( ) ( ))= yFyIyT BBB 2,2,2  where Ey   

( ( ) ( ) ( ))= yFyIyT BBB ,,2  

( ).ofsize2 G=  

Theorem 3.5. ( )Gsd  is a strong Single valued Neutrosophic graph. 
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Proof. In ( )Gsd  for each edge ( )yx,  

( ) ( ) ( )yTxTyxT BABsd
=,  if Vx   and Ey   and x lies on y 

otherwise0=  

( ) ( ) ( )yIxIyxI BABsd
=,  if Vx   and Ey   and x lies on y 

otherwise0=  

( ) ( ) ( )yFxFyxF BABsd
=,  if Vx   and Ey   and x lies on y 

otherwise.0=  

Thus each edge is an effective edge, hence ( )Gsd  is a strong SVN graph. 

Theorem 3.6. Let G is a complete SVN graph, but ( )Gsd  need not be 

complete SVN graph. 

Proof. G is a complete SVN graph, so each vertex is a adjacent to every 

other vertex, but in ( ),Gsd  each newly added vertex is adjacent to exactly two 

vertices. Hence ( )Gsd  cannot be a complete SVN graph. 

Theorem 3.7. The busy value of ( ) ( )( ) ( ( ),4, GSGsdBVGsd T=  

( ) ( ))., GSGS FI   

Proof. 

( )( ) ( ) ( ) ( ).


+==

ExVxEVx

xBVxBVxBVGsdVB



 

If ,Vx   then ( ) ( ( ) ( ) ( ))


=

Ey

iB

Ey

iB

Ey

iB

iii

yFyIyTxVB ,,  where iy  is 

adjacent to x in ( ),Gsd  

( ) ( ) ( ) ( )














=    
    Vx Vx Ey

iB

Ey

iB

Vx Ey

iB

Vx iii

yFyIyTxBV ,,  

( ) ( ) ( ) .2,2,2














= 
 Ey

iB

Ey

iB

Ey

iB

iii

yFyIyT  

Since each iy  is adjacent to exactly two vertices in V 
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( ) ( ) ( )














= 
 Ey

iB

Ey

iB

Ey

iB

iii

yFyIyT ,,2  

( ) ( ( ) ( ) ( )).,,2 GSGSGSxBV FIT

Vx




=  

If Eyx i =  then ( ) ( ( ) ( ) ( )) ( ( ) ( ) ( )).,,,, iiBiBiiBiBi yFyIyTyFyIyTyBV +=  

Since each Eyi   is the newly added vertex that is adjacent to exactly two 

vertices in V and by definition of subdivision SVN graph. 

i.e., ( ) ( ( ) ( ) ( )),,,2 iiBiBi yFyIyTyBV =  thus ( ) ( ( ),2  
=

Ey iBEy ii
yTxBV  

( ) ( )) ( ( ) ( ) ( )).,,2, GSGSGSyFyI FITEy Ey iBiB
i i

=  
 

Hence ( )( ) ( ( ) ( ) ( )).,,4 GSGSGSGsdBV FIT=  

Theorem 3.8. Let G be SVN graph, ( )( ) ( )xdxd GGsd =  if Vx   

( ) ( )xFIT BBB ,,2=  if .Ex   

Proof. By the definition of degree of a vertex given, 

Case 1. If Vx   then in ( ) xGsd ,  is a neighbour of all points y in E on 

which x lies on the edges of G, in that case. 

( ) ( ) ( ) ( ).,,,,, yFITyxFIT BBBBBB =  Hence ( )( ) ( ( ) 
=

Ey BGsd yTxd ,  

( ) ( )) ( ) 
=

Ey GBEy B xdyFyI ,  (since x is on y in G). 

Case 2. If Eyx i =  then in ( ),Gsd  it is a newly added vertex that is 

made as a neighbour of exactly two vertices of V with 

( ) ( ) ( ) ( )iBBBiBBB yFITyxFIT ,,,,, =  for .Vx   Hence 

( )( ) ( ) ( ) ( ) ( )zyFITyxFITxd iBBBiBBBGsd ,,,,,, +=  where zx,  are the only 

two vertices to that iy  is adjacent, 

i.e., ( ) ( ) ( )( ) ( )( ) ( )( ).,,2,,,, iBBBiBBBiBBBiGsd yFITyFITyFITyd =+=  

Hence ( )( ) ( )xdxd GGsd =  if Vx   

( ) ( )xFIT BBB ,,2=  if .Ex   
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Theorem 3.9. In ( )Gsd  every Ey   is a busy vertex. 

Proof. ( )( ) ( ) ( ) ( ) ( ),,,,,2 yFITyFITyd sdAAABBBGsd =  since 

( ) ( ) ( ) ( )yFITyFIT BBBsdAAA ,,,, =  implies ( ) ( ) ( )( )ydyFIT GsdsdAAA ,,  

i.e., y is a busy node in ( ).Gsd  Thus each y in E is a busy vertex in ( ).Gsd  

4. Total Single Valued Neutrosophic Graph 

Here, we define Total Single Valued Neutrosophic graph and discuss 

some properties. 

Definition 4.1. Let ( )BAG ,=  be a SVN graph with its underlying crisp 

graph ( )., EVG =  The pair ( ) ( )tltl BAGtl ,=  of G is defined as follows. The 

vertex set of ( )Gtl  is .EV   The SVN subset tlA  is defined on EV   as, 

( ) ( ) ( ) ( )xFITxFIT AAAtlAAA ,,,, =  if Vx   

( ) ( )xFIT BBB ,,=  if .Ex   

The SVN relation tlB  on EV   is defined as 

( ) ( ) ( ) ( ) ( ) ( )yxFyxFyxIyxIyxTyxT BBBBBB tltltl
,,,,,,,, ===  if ( ) Eyx ,  

( ) ( ) ( )yTxTyxT BABtl
=,  if Vx   and Ey   

othewise0=  

( ) ( ) ( )yIxIyxI BABtl
=,  if Vx   and Ey   

otherwise0=  

( ) ( ) ( )yFxFyxF BABtl
=,  if Vx   and Ey   

otherwise0=  

( ) ( ) ( )fTeTfeT BBBtl
=,  if Efe ,  and they have a vertex in common 

otherwise0=  

( ) ( ) ( )fIeIfeI BBBtl
=,  if Efe ,  and they have a vertex in common 
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otherwise0=  

( ) ( ) ( )fFeFfeF BBBtl
=,  if Efe ,  and they have a vertex in common 

otherwise.0=  

Thus by the definition tlB  is a single valued neutrosophic relation on .tlA  

Hence the pair ( ) ( )tltl BAGtl ,=  is a SVN graph and is termed as Total 

Single Valued Neutrosophic Graph. 

 

The edge values of ( )Gtl  are, ( ) ( ) ( ) ( ),5.0,1.0,1.0,,6.,3.0,4.0, == cbba  

( ) ( ) ( ) ( ) ( ) ( ),8.0,1.0,1.0,,8.0,3.0,4.0,,6.0,3.0,4.0, === ybzbza  

( ) ( ) ( ) ( ).6.0,1.0,1.0,,5.0,1.0,1.0, == yzyc  

Properties of Total SVN Graph. 

Theorem 4.2. Let ( )BAG ,=  be SVN graph and ( )Gtl  is its Total SVN 

graph, order of ( ) ( ) ( ).GsizeGorderGtl +=  

Proof. By definition of ( ),Gtl  vertex set of ( )Gtl  is .EV   

Order of ( ) ( ( )( ) ( )( ) ( )( ))GtlOGtlOGtlOGtl FIT ,,=  

( ) ( ) ( )













= 

 EVx

A

EVx

A

EVx

A xFxIxT
tltltl



,,  

( ) ( ) ( ) ( ) ( ) ( )













+++= 

 Ex

A

Vx

A

Ex

A

Vx

A

Ex

A

Vx

A xFxFxIxIxTxT
tltltltltltl

,,  

( ) ( ) ( ) ( ) ( ) ( )













+














= 

 Ex

A

Ex

A

Ex

A

Vx

A

Vx

A

Vx

A xFxIxTxFxIxT
tltltltltltl

,,,,  

( ) ( ).sizeorder GG +=  
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Theorem 4.3. Let ( )BAG ,=  be SVN graph and ( )Gtl  is its              

Total SVN graph, size of ( ) ( ) ( ( ) ( ),3
, 

+=
Eyx

BB yTxTGsizeGtl  

( ) ( ) ( ) ( )) 


Eyx
BB

Eyx
BB yFxFyIxI

,,
,   

Proof. Size of ( ) ( ( )( ) ( )( ) ( )( ))GtlSGtlSGtlSGtl FIT ,,=  

( ) ( ) ( )













= 

 EVyx

B

EVyx

B

EVyx

B yxFyxIyxT
tltltl

 ,,,

,,,,,  

( ) ( ) ( )




















= 

 Vyx

B

Vyx

B

Vyx

B yxFyxIyxT
tltltl

,,,

,,,,,  

( ) ( ) ( )













+ 

 EyVx

B

EyVx

B

EyVx

B yxFyxIyxT
tltltl

,,,

,,,,,  

 

( ) ( ) ( ) xyxFyxIyxT

Eyx

B

Eyx

B

Eyx

B tltltl 



















+ 

 ,,,

,,,,,  

lies on y in the second parenthesis 

( ) ( ) ( )













= 

 Vyx

B

Vyx

B

Vyx

B yxFyxIyxT
tltltl

,,,

,,,,,  

( ) ( ) ( ) ( ) ( ) ( )













+ 

 EyVx

BA

EyVx

BA

EyVx

BA yFxFyIxIyTxT

,,,

,,  

( ) ( ) ( ) ( ) ( ) ( )













+ 

 Eyx

BB

Eyx

BB

Eyx

BB yFxFyIxIyTxT

,,,

,,  

( ) ( ( ) ( ) ( )) ( ( ) ( ),2,2,2
, 

++=
Eyx

BBBBB yTxTyFyIyTGsize  

( ) ( ) ( ) ( )) 


Eyx
BB

Eyx
BB yFxFyIxI

,,
,  

( ) ( ) ( ) ( ) ( ) ( ) ( ) ( )













++= 

 Eyx

BB

Eyx

BB

Eyx

BB yFxFyIxIyTxTGsizeGsize

,,,

,,2  
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( ) ( ) ( ) ( ) ( ) ( ) ( ) .,,3

,,,













+= 

 Eyx

BB

Eyx

BB

Eyx

BB yFxFyIxIyTxTGsize  

Theorem 4.4. ( )( ) ( )udud GGtl 2=  if ( )( ) = iGtl ydVu ,  busy value of iy  

in ( )Gtl  if .Eyi   

Proof. By the definition of degree of a vertex given 

Case 1. Let ,Vx   

( )( ) ( ) ( ) ( )













= 

 Va

B

Va

B

Va

BGtl axFaxIaxTxd
tltltl

,,,,,  

( ) ( ) ( )













+ 

 Eb

B

Eb

B

Eb

B bxFbxIbxT
tltltl

,,,,,  (x lies on edge b) 

( ) ( ) ( )













= 

 Ey

B

Ey

B

Ey

B yFyIyT ,,  

( ) ( ) ( ) ( ) ( ) ( )













+ 

 Eb

BB

Eb

BB

Eb

BB bFxFbIxIbTxT ,,  

( ) ( ) ( ) ( )













+= 

 Eb

B

Eb

B

Eb

BG bFbIbTxd ,,  

( ) ( ) ( ).2 xdxdxd GGG =+=  

Case 2. If ,Eyi   

( )( ) ( ) ( ) ( )













= 

 Va

iB

Va

iB

Va

iBiGtl ayFayIayTyd
tltltl

,,,,,  

( ) ( ) ( )













+ 

 Eb

iB

Eb

iB

Eb

iB byFbyIbyT
tltltl

,,,,,  
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( ) ( ) ( ) ( ) ( ) ( )













= 

 Va

iBA

Va

iBA

Va

iBA yFaFyIaIyTaT ,,  

( ) ( ) ( ) ( ) ( ) ( )













+ 

 Eb

BiB

Eb

BiB

Eb

BiB bFyFbIyIbTyT ,,  

( ).inofvaluebusy Gtlyi=  

5. Middle Single Valued Neutrosophic Graph 

Middle Single valued Neutrosophic Graph is defined and some of its 

properties are discussed. 

Definition 5.1. Let ( )BAG ,=  be a SVN graph with its underlying crisp 

graph ( )., EVG =  The vertices and edges of G are taken together as the 

vertex set of the pair ( ) ( )MM BAGM ,=  where 

( ) ( ) ( ) ( )xFITxFIT AAAMAAA ,,,, =  if Vx   

( ) ( ) ExifxFIT BBB = ,,  

( ) ( ) 0,,, =yxFIT MBBB  if both Vyx ,  

( ) ( ) ( )fTeTfeT BBBM
=,  if Efe ,  and they have a vertex in common 

otherwise0=  

( ) ( ) ( )fIeIfeI BBBM
=,  if Efe ,  and they have a vertex in common 

otherwise0=  

( ) ( ) ( )fFeFfeF BBBM
=,  if Efe ,  and they have a vertex in 

common 

otherwise0=  

( ) ( )yTyxT BBM
=,  if Vx   and  Ey   

otherwise0=  
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( ) ( )yIyxI BBM
=,  if Vx   and  Ey   

otherwise0=  

( ) ( )yFyxF BBM
=,  if Vx   and  Ey   

otherwise0=  

As MA  is defined only through the values of A and 

 1,0:, →EVAB M   is well defined SVN subset on .EV   Also MB  is a 

SVN relation on MA  is also well defined. Hence the pair ( ) ( )MM BAGM ,=   

is a SVN graph and is termed as Middle Single Valued Neutrosophic Graph. 

 

The edge values of ( )GM  are, ( ) ( ),5.0,2.0,2.0, =za  

( ) ( ) ( ) ( ) ( ) ( ),7.0,2.0,3.0,,5.0,2.0,2.0,,3.0,2.0,1.0, === ybzbxa  

( ) ( ) ( ) ( ) ( ) ( ),7.0,2.0,2.0,,3.0,2.0,1.0,,7.0,2.0,3.0, === yzxcyc  

( ) ( ).7.0,2.0,1.0, =xy  

Properties of a Middle SVN Graph 

Theorem 5.2. Let ( )BAG ,=  be SVN graph and ( )GM  is its Middle 

SVN graph, order of ( ) ( ) ( ).GsizeGorderGM +=  

Proof. By definition of ( )GM  vertex set of ( )GM  is .EV   

Order of ( ) ( ( )( ) ( )( ) ( )( ))GMOGMOGMOGtl FIT ,,=  

( ) ( ) ( )













= 

 EVx

A

EVx

A

EVx

A xFxIxT
MMM



,,  

( ) ( ) ( ) ( )






++= 



,,,

Ex

A

Vx

A

Ex

A

Vx

A xIxIxTxT
MMMM
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( ) ( )






+ 



,

Ex

A

Vx

A xFxF
MM

 

( ) ( ).GsizeGorder +=  

Theorem 5.3. Let ( )BAG ,=  be SVN graph and ( )GM  is its Middle 

SVN graph, size of ( ) thetwiceGM = ( ) ( ( ) ( ),
, 

+
Eyx BB yTxTGsize  

( ) ( ) ( ) ( )).,
,,  


Eyx BBEyx BB yFxFyIxI  

Proof.  By definition of ( ),GM  vertex set of ( )GM  is .EV   

Size of ( ) ( ( )( ) ( )( ) ( )( ))GMSGMSGMSGM FIT ,,=  

( ) ( ) ( )













= 

 EVyx

B

EVyx

B

EVyx

B yxFyxIyxT
MMM

 ,,,

,,,,,  

( ) ( ) ( )




















= 

 Vyx

B

Vyx

B

Vyx

B yxFyxIyxT
MMM

,,,

,,,,,  

( ) ( ) ( )













+ 

 EyVx

B

EyVx

B

EyVx

B yxFyxIyxT
MMM

,,,

,,,,,  

( ) ( ) ( )




















+ 

 Eyx

B

Eyx

B

Eyx

B yxFyxIyxT
MMM

,,,

,,,,,  

( ) ( ) ( )













= 

 Vyx

B

Vyx

B

Vyx

B yxFyxIyxT
MMM

,,,

,,,,,  

( ) ( ) ( ) ( ) ( ) ( )













+ 

 EyVx

BA

EyVx

BA

EyVx

BA yFxFyIxIyTxT

,,,

,,  

( ) ( ) ( ) ( ) ( ) ( )













+ 

 Eyx

BB

Eyx

BB

Eyx

BB yFxFyIxIyTxT

,,,

,,  

( ( ) ( ) ( ))+= yFyIyT BBB 2,2,20  



J. MALARVIZHI and G. DIVYA 

Advances and Applications in Mathematical Sciences, Volume 20, Issue 8, June 2021 

1410 

( ) ( ) ( ) ( ) ( ) ( )













+ 

 Eyx

BB

Eyx

BB

Eyx

BB yFxFyIxIyTxT

,,,

,,  

( ) ( ) ( ) ( ) ( ) ( ) ( ) .,,2

,,,













+= 

 Eyx

BB

Eyx

BB

Eyx

BB yFxFyIxIyTxTGsize  

Theorem 5.4. Number of edges in ( )GM  is equal to sum of the number of 

edges of ( )GL  and twice the number of edges in G. 

Proof. As each edge in G is contributing two edges to ( )GM  and the 

pairs of adjacent edges in G, contribute an edge to ( ).GM  

Number of edges in ( ) =GM  two times the number of edges of NoG +  of 

pair wise adjacent edges in =G  twice the number of edges of +G  Number 

of edges in ( ).GL  

Theorem 5.5. ( )GM  is a strong SVN graph. 

Proof. Consider an edge ( )yx,  in ( ).GM  From the definition of ( )GM  

we have two cases. 

Case 1. 

( ) ( )yTyxT BBM
=,  if Vx   and Ey   

( ) ( )yIyxI BBM
=,  if Vx   and Ey   

( ) ( )yFyxF BBM
=,  if Vx   and .Ey   

Also ( ) ( )yTyT
MAB =  as Ey   (by definition of ( ))GM  

( ) ( )xTyT
MM AA =  as x lies on y 

( ) ( )yIyI
MAB =  as Ey   (by definition of ( ))GM  

( ) ( )xIyI
MM AA =  as x lies on y 
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( ) ( )yFyF
MAB =  as Ey   (by definition of ( ))GM  

( ) ( )xFyF
MM AA =  as x lies on y. 

Hence  ( ) ( ) ( )xTyTyxT
MMM AAB =,  where Vx   and Ey   

( ) ( ) ( )xIyIyxI
MMM AAB =,  where Vx   and Ey   

( ) ( ) ( )xFyFyxF
MMM AAB =,  where Vx   and Ey   

Case 2. 

( ) ( ) ( )yTxTyxT BBBM
=,  if Eyx ,  and they have a vertex in common 

( ) ( ) ( )yIxIyxI BBBM
=,  if Eyx ,  and they have a vertex in common 

( ) ( ) ( )yFxFyxF BBBM
=,  if Eyx ,  and they have a vertex in 

common 

( ) ( ) ( )yTxTyxT
MMM AAB =,  by the definition of MA  

( ) ( ) ( )yIxIyxI
MMM AAB =,  by the definition of MA  

( ) ( ) ( )yFxFyxF
MMM AAB =,  by the definition of .MA  

Hence by the above cases ( )GM  is a strong SVN graph. 

Theorem 5.6. ( )GM  is not a complete SVN graph even if G is a complete 

SVN graph. 

Proof. Given G is a complete SVN graph, then every pair of vertices are 

adjacent in .G  But by the definition of ( )GM  no two nodes in ( )GV  are 

neighbours in ( ).GM  So ( )GM  is not a complete SVN graph. 

Theorem 5.7. ( )( ) ( )xdxd GGM =  if ,Vx   

( ) ( ) ( ( ) ( ) ( ))= iBiBiBiGM yFyIyTyd ,,2  

(  ( ) ( )  ( ) ( )  ( ) ( ))+ jBiBjBiBjBiB yFyFyIyIyTyT ,max,,min,,min  
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 if Eyy ji ,  and are adjacent in .G  

Proof. By the definition of degree of a vertex, 

Case 1. Let .Vx   

( )( ) ( ) ( ) ( )














= 
 Ey

iB

Ey

iB

Ey

iBGM

i

M

i

M

i

M
yxFyxIyxTxd ,,,,,  where x 

lies on iy   

( ) ( ) ( )














= 
 Ey

iB

Ey

iB

Ey

iB

iii

yFyIyT ,,  

( ).xdG=  

Case 2. Let .Ex   If ,iyx =  then 

( )( ) ( )( ) ( ) ( ) ( )













== 

 EVa

iB

EVa

iB

EVa

iBiGMGM ayFayIayTydxd
MMM



,,,,,  

( ) ( ) ( )













= 

 Va

iB

Va

iB

Va

iB ayFayIayT
MMM

,,,,,  

( ) ( ) ( )
















+ 
 Ey

jiB

Ey

jiB

Ey

jiB

j

M

j

M

j

M
yyFyyIyyT ,,,,,  

( ( ) ( ) ( ))= iBiBiB yFyIyT 2,2,2  

(  ( ) ( )  ( ) ( )  ( ) ( ))+ jBiBjBiBjBiB yFyFyIyIyTyT ,max,,min,,min  

( ( ) ( ) ( ))= iBiBiB yFyIyT ,,2  

(  ( ) ( )  ( ) ( )  ( ) ( )).,max,,min,,min + jBiBiBiBiBiB yFyFyIyIyTyT  

Theorem 5.8. Busy value of ( ) 4=GM  size ( ) 2+G  

( ( ) ( ) ( ) ( ) ( ) ( )).,,
,,,  


Eyx BBEyx BBEyx BB yFxFyIxIyTxT  
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Proof. Busy value of ( ) ( ) 
=

EVx
xBVGM


 

( ) ( ) 
=

EVx
GM xd


 (as ( )GM  is strong) 

( )( )GMsize2=  

( ( ) ( ( ) ( ) ( ) ( )  
+=

Eyx Eyx
BBBB yIxIyTxTGsize

, ,
,,22  

( ) ( )) 


Eyx
BB yFxF

,

( ) ( ( ) ( ) ( ) ( )  
+=

Eyx Eyx
BBBB yIxIyTxTGsize

, ,
,,24  

( ) ( )).
, 


Eyx

BB yFxF  

Note. 

Order of ( ) =Gsd  Order of ( ) =Gtl  Order of ( ) =GM  order of +G  size of 

G. 

6. Isomorphic Relationship between ( ) ( )GsdGT ,  and ( )GM  

Theorem 6.1. If G is a SVN graph then ( )Gsd  is weak isomorphic to 

( ).Gtl  

Proof. Let ( )BAG ,=  be a SVN graph with its underlying crisp graph 

( )., EVG =  By the definition of ( ) sdAGsd ,  is a SVN subset defined on 

EV   as 

( ) ( ) ( )( )xFITxFIT AAAsdAAA ,,,, =  if Vx   

( ) ( )xFIT BBB ,,=  if .Ex   (1) 

The SVN relation sdB  on EV   is defined as 

( ) ( ) ( )yTxTyxT BABsd
=,  if Vx   and Ey   

otherwise0=  
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( ) ( ) ( )yIxIyxI BABsd
=,  if Vx   and Ey   

otherwise0=  

( ) ( ) ( )yFxFyxF BABsd
=,  if Vx   and Ey   

otherwise.0=  

Using (1) in the above equation, 

( ) ( ) ( )yTxTyxT
sdsdsd AAB =,  if Vx   and Ey   

otherwise0=  

( ) ( ) ( )yIxIyxI
sdsdsd AAB =,  if Vx   and Ey   

otherwise0=  

( ) ( ) ( )yFxFyxF
sdsdsd AAB =,  if Vx   and Ey   

otherwise.0=  

Define a map ‘g’ from ( )Gsd  to ( )Gtl  as identity map 

gEVEVg ,:  →  be bijection satisfying 

( ) ( )( ) ( ) ( ) ( )( ) ( ) ( )xFITxFITxFITxgFIT sdAAAAAAtlAAAtlAAA ,,,,,,,, ===  

if Vx   

( ) ( )( ) ( ) ( ) ( )( ) ( ) ( )xFITxFITxFITxgFIT sdAAABBBtlAAAtlAAA ,,,,,,,, ===  

if Ex   

That is ( ) ( )( ) ( ) ( )xFITxgFIT sdAAAtlAAA ,,,, =  if .EVx   

Case 1. 

If 

( ) ( ) ( )( ) ( ) ( ) ( )( )yxFITyxFITygxgFITVyx BBBtlBBBtlBBB ,,,,,,,,,,, ==  if 

., Vyx   By the definition of ( ) ( ) ( ) 0,,,, =yxFITGsd sdBBB  if ., Vyx   

That implies ( ) ( ) ( ) ( ) ( )( )ygxgFITyxFIT tlBBBsdBBB ,,,,,,   if 

., Vyx   
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Case 2. 

If Vx   and ,Eey =  then 

( ) ( )( ) ( )  ( ) ( )eTxTexTegxgT BABB tltl
,min,, ==  if EeVx  ,  and x lies 

on e 

otherwise0=  

( ) ( )( ) ( )  ( ) ( )eIxIexIegxgI BABB tltl
,min,, ==  if EeVx  ,  and x lies on e 

otherwise0=  

( ) ( )( ) ( )  ( ) ( )eFxFexFegxgF BABB tltl
,max,, ==  if EeVx  ,  and x 

lies on e 

otherwise0=  

( ) ( ) ( ) ( ) ( )( )ygxgFITyxFIT tlBBBsdBBB ,,,,,, =  if EeVx  ,  using 

the definition of ( ).Gsd  

Case 3. 

If Eeyex ji == ,  then 

( )  ( ) ( )jBiBjiB eTeTeeT
tl

,min, =  if ji ee ,  have a vertex in common 

( )  ( ) ( )jBiBjiB eIeIeeI
tl

,min, =  if ji ee ,  have a vertex in common 

( )  ( ) ( )jBiBjiB eFeFeeF
tl

,max, =  if ji ee ,  have a vertex in common 

otherwise0=  

( ) ( )jiBjiB eeTeeT
tlsd

,,   if Eee ji ,  

( ) ( )jiBjiB eeIeeI
tlsd

,,   if Eee ji ,  

( ) ( )jiBjiB eeFeeF
tlsd

,,   if ., Eee ji   

Thus from the cases we get 

( ) ( )yxTyxT
tlsd BB ,,   if EVyx ,  
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( ) ( )yxIyxI
tlsd BB ,,   if EVyx ,  

( ) ( )yxFyxF
tlsd BB ,,   if EVyx ,  

Therefore ( ) ( )GtlGsdg →:  is a weak isomorphism. 

Theorem 6.2. ( )Gsd  is weak isomorphic with ( ).GM  

Proof. Consider the identity map ( ) ( )GMGsdg →:  as 

EVEVg  →:  

( ) ( ) ( ) ( )xFITxFIT AAAsdAAA ,,,, =  if Vx   

( ) ( )xFIT BBB ,,=  if Ex   

( ) ( ) ( ) ( )xFITxFIT AAAMAAA ,,,, =  if Vx   

( ) ( )xFIT BBB ,,=  if Ex   

( ) ( )( ) ( ) ( )xFITxgFIT MAAAMAAA ,,,, =  for all .EVx   

Hence ( ) ( ) ( ) ( )( )xgFITxFIT MAAAsdAAA ,,,, =  for all .EVx  (2) 

Case 1. 

( )  ( ) ( )eTxTexT
sdsdsd BBB ,min, =  if EeVx  ,  and 

 ( ) ( )eTxT BB ,min=  EeVx  ,  and ( ) ( )eTexT BBsd
=,  by the definition 

of SVN relation and x lies on e. 

Also, ( ) ( )eTexT BBM
=,  if ., EeVx   

Similarly, ( ) ( )eIexI BBM
=,  if ., EeVx   

( ) ( )eFexF BBM
=,  if ., EeVx   

Hence ( ) ( ) ( ) ( ) ( )( )egxgFITexFIT MBBBsdBBB ,,,,,, =  if ., EeVx   

Case 2. 

( ) 0, =jiB eeT
sd

 even if the edges ji ee ,  are neighbours in G 

( ) 0, =jiB eeI
sd

 even if the edges ji ee ,  are neighbours in G 
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( ) 0, =jiB eeF
sd

 even if the edges ji ee ,  are neighbours in G 

( )  ( ) ( )jBiBjiB eTeTeeT
M

,min, =  if the edges ji ee ,  are neighbours in G 

( )  ( ) ( )jBiBjiB eIeIeeI
M

,min, =  if the edges ji ee ,  are neighbours in G 

( )  ( ) ( )jBiBjiB eFeFeeF
M

,max, =  if the edges ji ee ,  are neighbours in 

G 

Also, ( ( ) ( )) ( ) ( ( ) ( )) ( ),,,,,, jiBjiBjiBjiB eeIegegIeeTegegT
MMMM

==  

( ( ) ( )) ( ).,, jiBjiB eeFegegF
MM

=  That is, ( )  ( ),min0, iBjiB eTeeT
sd

=  

( ) ( ( ) ( ))jiBjB egegTeT
M

,=  if the edges ji ee ,  are neighbours in G 

( )  ( ) ( ) ( ( ) ( ))jiBjBiBjiB egegIeIeIeeI
Msd

,,min0, ==  if the edges 

ji ee ,  are neighbours in G 

( )  ( ) ( ) ( ( ) ( ))jiBjBiBjiB egegFeFeFeeF
Msd

,,max0, ==  if the edges 

ji ee ,  are neighbours in G else ( ) ( ) ( )MBBBjisdBBB FITeeFIT ,,0,,, ==  

( ( ) ( ))., ji egeg  

Case 3. 

( ) ( ) 0,,, =yxFIT sdBBB  if Vyx ,  

( ) ( ) 0,,, =yxFIT MBBB  if Vyx ,  

( ) ( ) ( ) ( )yxFITyxFIT MBBBsdBBB ,,,0,,, ==  if ., Vyx   

From these three cases  

( ) ( ) ( ) ( ( ) ( ))ygxgFITyxFIT MBBBsdBBB ,,,,,,   for all EVyx ,  (3) 

g  being the bijection and from (2) and (3) ( )Gsd  is weak isomorphic with 

( ).GM  

Theorem 6.3. ( )GM  is weak isomorphic with ( ).Gtl  

Proof. Consider the identity map ( ) ( )GtlGMg →:  as 

.: EVEVg  →  
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By the definition of tlA  in ( )Gtl  and MA  in ( )GM  we have 

( ) ( ) ( ) ( ( ))xgFITxFIT tlAAAMAAA ,,,, =  for all .EVx   (4) 

Case 1. 

( )  ( ) ( )jBiBjiB eTeTeeT
M

,min, =  if the edges ji ee ,  are neighbours in G 

( )  ( ) ( )jBiBjiB eIeIeeI
M

,min, =  if the edges ji ee ,  are neighbours in G 

( )  ( ) ( )jBiBjiB eFeFeeF
M

,max, =  if the edges ji ee ,  are neighbours in 

G 

( )  ( ) ( )jBiBjiB eTeTeeT
tl

,min, =  if the edges ji ee ,  are neighbours in G 

( )  ( ) ( )jBiBjiB eIeIeeI
tl

,min, =  if the edges ji ee ,  are neighbours in G 

( )  ( ) ( )jBiBjiB eFeFeeF
tl

,max, =  if the edges ji ee ,  are neighbours in 

G. 

Hence 

( ) ( ) ( ) ( ) ( ) ( ( ) ( ))ygxgFITyxFITyxFIT tlBBBtlBBBMBBB ,,,,,,,,, ==  if 

., Eyx   

Case 2. 

( ) ( ) 0,,, =yxFIT MBBB  if Vyx ,  

( ) ( ) ( ) ( )yxFITyxFIT BBBtlBBB ,,,,,, =  if Vyx ,  

( ) ( ) ( ) ( ) ( ) ( )yxFITyxFITyxFIT tlBBBBBBMBBB ,,,,,,0,,, ==  

( ) ( ) ( )( )ygxgFIT tlBBB ,,,=  if ., Vyx   

Case 3. 

( ) ( ) ( ) ( )exFITexFIT BBBMBBB ,,,,,, =  if EeVx  ,  an x lies on e 

( )  ( ) ( )eTxTexT BBBtl
,min, =  if EeVx  ,  an x lies on e 

( )  ( ) ( )eIxIexI BBBtl
,min, =  if EeVx  ,  an x lies on e 

( )  ( ) ( )eFxFexF BBBtl
,max, =  if EeVx  ,  an x lies on e. 
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So, ( ) ( ) ( ) ( ) ( ) ( ) ( )( )egxgFITexFITexFIT tlBBBtlBBBMBBB ,,,,,,,,, ==  if 

., EeVx   From the above three cases, 

( ) ( ) ( ) ( ) ( )( )ygxgFITyxFIT tlBBBMBBB ,,,,,,   for all EVx   (5) 

 ‘g’ being a bijection and from (4) and (5), ( )GM  is weak isomorphic with 

( ).Gtl  
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