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are	 characterized	 by	 a	 truth‐membership	 function	 (t),	 an	 indeterminacy‐

membership	function	(i)	and	a	falsity‐membership	function	(f)	independently,	

which	are	within	 the	 real	 standard	or	nonstandard	unit	 interval	 ]−0,	 1+[.	 In	

order	 to	 practice	NS	 in	 real	 life	 applications	 conveniently,	Wang	 et	 al.	 [17]	

introduced	 the	 concept	 of	 a	 single‐valued	 neutrosophic	 sets	 (SVNS),	 a	

subclass	of	 the	neutrosophic	 sets.	The	same	authors	 [16,18]	 introduced	 the	

concept	 of	 interval	 valued	 neutrosophic	 sets	 (IVNS),	which	 is	more	 precise	

and	 flexible	 than	 single	 valued	 neutrosophic	 sets.	 The	 IVNS	 is	 a	

generalization	of	single	valued	neutrosophic	sets,	in	which	three	membership	

functions	are	 independent	and	their	value	belong	 to	the	unit	 interval	 [0,	1].	

Some	 more	 work	 on	 	 single	 valued	 neutrosophic	 sets,	 	 interval	 valued	

neutrosophic	sets	and	their	applications	may	be	found	on	[3,	4,	5,6,	19,	20,	21,	

22,	24,	25,	26,	27,	39,	41,	42,		43,	44,	45,	49].	

Graph	theory	has	now	become	a	major	branch	of	applied	mathematics	and	it	

is	 generally	 regarded	 as	 a	 branch	 of	 combinatorics.	Graph	 is	 a	widely	used	

tool	for	solving	a	combinatorial	problems	in	different	areas	such	as	geometry,	

algebra,	number	 theory,	 topology,	optimization	and	computer	science.	Most	

important	 thing	 which	 is	 to	 be	 noted	 is	 that,	 when	 we	 have	 uncertainty	

regarding	 either	 the	 set	 of	 vertices	 or	 edges	 or	 both,	 the	model	 becomes	 a	

fuzzy	 graph.	 The	 extension	 of	 fuzzy	 graph	 [7,	 9,	 38]	 theory	 have	 been	

developed	by	several	researchers	including	intuitionistic	fuzzy	graphs	[8,	32,	

40]	 considered	 the	 vertex	 sets	 and	 edge	 sets	 as	 intuitionistic	 fuzzy	 sets.	

Interval	valued	fuzzy	graphs	[33,	34]	considered	the	vertex	sets	and	edge	sets	

as	interval	valued	fuzzy	sets.	Interval	valued	intuitionstic	fuzzy	graphs	[2,	48]	

considered	the	vertex	sets	and	edge	sets	as	interval	valued	intuitionstic	fuzzy	

sets.	Bipolar	fuzzy	graphs	[	35,	36]	considered	the	vertex	sets	and	edge	sets	

as	 bipolar	 fuzzy	 sets.	M‐polar	 fuzzy	 graphs	 [37]	 considered	 the	 vertex	 sets	

and	 edge	 sets	 as	 m‐polar	 fuzzy	 sets.	 But,	 when	 the	 relations	 between	

nodes(or	vertices)	in	problems	are	indeterminate,	the	fuzzy	graphs	and	their	

extensions	are	 failed.	For	 this	purpose,	Samarandache	[10,	11,	12,	51]	have	

defined	 	 four	main	 categories	 of	 neutrosophic	 graphs,	 two	 based	 on	 literal	

indeterminacy	(I),	which	called	them;	I‐edge	neutrosophic	graph	and	I‐vertex	
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neutrosophic	 graph,	 these	 concepts	 are	 studied	 deeply	 and	 has	 gained	

popularity	 among	 the	 researchers	 due	 to	 its	 applications	 via	 real	 world	

problems	 [1,	 15,	 50,	 52].	 The	 two	 others	 graphs	 are	 	 based	 on	 (t,	 i,	 f)	

components	and	called	them;	The	(t,	i,	f)‐Edge	neutrosophic	graph	and	the	(t,	

i,	f)‐vertex	neutrosophic	graph,	these	concepts	are	not	developed	at	all.	Later	

on,	 Broumi	 et	 al.[47]	 introduced	 a	 third	 neutrosophic	 graph	 model.	 This	

model	 allows	 the	 attachment	 of	 truth‐membership	 (t),	 indeterminacy	 –

membership	 (i)	 and	 falsity‐	 membership	 degrees	 (f)	 both	 to	 vertices	 and	

edges,	 and	 investigated	 some	 of	 their	 properties.	 The	 third	 neutrosophic	

graph	model	 is	 called	 single	 valued	neutrosophic	 graph	 	 (	 SVNG	 for	 short).	

The	single	valued	neutrosophic	graph	is	the	generalization	of	fuzzy	graph	and	

intuitionstic	 fuzzy	 graph.	 Also	 	 the	 same	 authors	 [46]	 introduced	

neighborhood	degree	of	a	vertex	and	closed	neighborhood	degree	of	vertex	in	

single	valued	neutrosophic	graph	as	a	generalization	of	neighborhood	degree	

of	 a	 vertex	 and	 closed	 neighborhood	 degree	 of	 vertex	 in	 fuzzy	 graph	 and	

intuitionistic	 fuzzy	 graph.	 In	 the	 literature	 the	 study	 of	 interval	 valued	

neutrosophic	graphs	(IVN‐graph)	is	still	blank,	we	shall	focus	on	the	study	of	

interval	valued	neutrosophic	graphs	in	this	paper.		

In	this	paper,	some	certain	types	of	interval	valued	neutrosophic	graphs	are	

developed	and	some	interesting	properties	are	explored.	

	

2. Preliminaries 

In	 this	 section,	we	mainly	 recall	 some	notions	 related	 to	neutrosophic	 sets,	

single	 valued	 neutrosophic	 sets,	 interval	 valued	 neutrosophic	 sets,	 fuzzy	

graph,		intuitionistic	fuzzy	graph,	single	valued	neutrosophic	graphs,	relevant	

to	the	present	work. See	especially	[2,	7,	8,13,18,		47]	for	further	details	and	

background. 

Definition 2.1 [13].	 Let	 X	 	 be	 a	 space	 of	 points	 (objects)	 with	 generic	

elements	in	X	denoted	by	x;		then	the	neutrosophic	set	A	(NS	A)	is	an	object	

having	the	form	A	=	{<	x:	T୅ሺxሻ,	I୅ሺxሻ,	F୅ሺxሻ>,	x	∈	X},	where	the	functions	T,	I,	
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F:	 X→]−0,1+[	 	 define	 respectively	 the	 a	 truth‐membership	 function,	 an	

indeterminacy‐membership	 function,	 and	 a	 falsity‐membership	 function	 of	

the	element	x	∈	X	to	the	set	A	with	the	condition:	

																			−0	≤	T୅ሺxሻ+	I୅ሺxሻ+	F୅ሺxሻ≤	3+.														(1)													

The	 functions	T୅ሺxሻ ,	 I୅ሺxሻ 	and	F୅ሺxሻ 	are	 real	 standard	 or	 nonstandard	

subsets	of	]−0,1+[.	

	Since	 it	 is	 difficult	 to	 apply	 NSs	 to	 practical	 problems,	 Wang	 et	 al.	 [16]	

introduced	 the	 concept	 of	 a	 SVNS,	which	 is	 an	 instance	of	 a	NS	and	 can	be	

used	in	real	scientific	and	engineering	applications.	

Definition 2.2 [17].	 Let	 X	 	 be	 a	 space	 of	 points	 (objects)	 with	 generic	

elements	 in	X	denoted	by	x.	A	single	valued	neutrosophic	set	A	 (SVNS	A)	 is	

characterized	 by	 truth‐membership	 function	 T୅ሺxሻ ,	 an	 indeterminacy‐

membership	 function	I୅ሺxሻ,	 and	 a	 falsity‐membership	 function	F୅ሺxሻ.	 For	

each	point	x	in	X		T୅ሺxሻ,	I୅ሺxሻ,	F୅ሺxሻ	∈	[0,	1].	A	SVNS	A	can	be	written	as		

										A	=	{<	x:	T୅ሺxሻ,	I୅ሺxሻ,	F୅ሺxሻ>,	x	∈	X}															(2)	

Definition 2.3[7].	A	fuzzy	graph	is	a	pair	of	functions	G	=	(σ,	µ)	where	σ	is	a	

fuzzy	subset	of	a	non	empty	set	V	and		μ		is	a	symmetric	fuzzy	relation	on	σ.	

i.e		σ	:	V	→	[	0,1]	and		μ:	VxV→[0,1]	such	that				μ(uv)	≤	σ(u)	⋀	σ(v)		for	all	u,	v	

∈	V	where	uv	denotes	the	edge	between	u	and	v	and	σ(u)	⋀	σ(v)	denotes	the	

minimum	of	σ(u)	and	σ(v).	σ	is	called	the	fuzzy	vertex	set	of	V	and		μ	is	called	

the	fuzzy	edge	set	of	E.	
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																																																																																	Figure	1:	Fuzzy	Graph	

	

Definition 2.4 [7].	The	fuzzy	subgraph	H	=	(τ,	ρ)	is	called	a	fuzzy	subgraph	

of	G	=	(σ,	µ)	

If	τ(u)	≤	σ(u)	for	all	u	∈	V	and	ρ(u,	v)	≤		μ(u,	v)		for	all	u,	v	∈	V	

Definition 2.5 [8].	An	 Intuitionistic	 fuzzy	 graph	 is	 of	 the	 form	 G	 =(V,	 E	 )	

where	

i. V={vଵ,	vଶ,….,	v୬}	such	that	ߤଵ:	V→	[0,1]	and	 	the	denote	[0,1]	→	V	ଵ:ߛ

degree	of	membership	and	nonmembership	of	 the	element	v୧	∈	V,	

respectively,	and	0	≤	ߤଵ(v୧)	+	ߛଵ(v୧))	≤	1			for	every			v୧	∈	V,	(i	=	1,	2,	

…….	n),	

ii. 	E			⊆		V	x	V	where		ߤଶ:	VxV→[0,1]	and		ߛଶ:	VxV→	[0,1]	are	such	that	

	[ଵ(v୨)ߛ	,ଵ(v୧)ߛ]	max	൒	v୨)	ଶ(v୧,ߛ	and	[ଵ(v୨)ߤ	,ଵ(v୧)ߤ]	min	≤	v୨)	ଶ(v୧,ߤ

and	0	≤	ߤଶ(v୧,	v୨)	+	ߛଶ(v୧,	v୨)	≤	1	for	every	(v୧,	v୨)	∈	E,	(	i,	j	=	1,2,	…….	n)	

	

	

	

	

	

	

	

	

	

																																																					Figure	2:	Intuitionistic	Fuzzy	Graph	

	

Definition 2.6 [2]	 An	 interval	 valued	 intuitionistic	 fuzzy	 graph	 with	

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

1)		The	functions	ܯ஺	:	V→	D	[0,	1]		and	 ஺ܰ	:	V→	D	[0,	1]	denote	the	degree	of	

membership	 and	non	membership	 of	 the	 element	 	 x	∈	V,	 respectively,	 such	

that	0	such	that		0≤ܯ஺(x)+	 ஺ܰ(x)	≤	1	for	all	x	∈	V.	

(0
.1

, 0
.4
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2)	The	functions	ܯ஻	:	E	⊆ ܸ ൈ ܸ →	D	[0,	1]		and	 ஻ܰ	:	:	E	⊆ ܸ ൈ ܸ →	D	[0,	1]	are	

defined	 by	ܯ஻௅ሺݔ, 	ሻሻ≤minݕ 	((ݕ஺௅ሺܯ	,(ݔ஺௅ሺܯ) and	 ஻ܰ௅ሺݔ, ሻሻݕ ൒max	 ( ஺ܰ௅ሺݔ),	

஺ܰ௅ሺݕ))	

,ݔ஻௎ሺܯ 	ሻሻ≤minݕ 	((ݕ஺௎ሺܯ	,(ݔ஺௎ሺܯ) and	 ஻ܰ௎ሺݔ, ሻሻݕ ൒max	 ( ஺ܰ௎ሺݔ),	 ஺ܰ௎ሺݕ))	

such	that		

,ݔ஻௎ሺܯ≥0 	+ሻሻݕ ஻ܰ௎ሺݔ, ,ݔሺ	all	for	1	≤	ሻሻݕ ሻݕ ∈	E.	

Definition 2.7 [47].	Let	A	=	( ஺ܶ,		ܫ஺,	ܨ஺)	and	B	=	( ஻ܶ,		ܫ஻,	ܨ஻)		be	single	

valued	neutrosophic	sets	on	a	set	X.	If	A	=	( ஺ܶ,		ܫ஺,	ܨ஺)	is	a	single	valued	

neutrosophic	relation	on	a	set	X,	then	A	=( ஺ܶ,		ܫ஺,	ܨ஺)	is	called	a	single	valued	

neutrosophic	relation	on	B	=	( ஻ܶ,		ܫ஻,	ܨ஻)	if	

T୆(x,	y)	≤	min(T୅(x),	T୅(y))		

I୆(x,	y)	≥	max(I୅(x),	I୅(y))	and	

F୆(x,	y)	≥	max(F୅x),	F୅ሺy))	for	all	x,	y	∈	X.		

A	single	valued	neutrosophic	relation	A	on	X		is	called	symmetric	if	 ஺ܶ(x,	y)	=	

஺ܶ(y,	x),	ܫ஺(x,	y)	=	ܫ஺(y,	x),	ܨ஺(x,	y)	=	ܨ஺(y,	x)	and	 ஻ܶ(x,	y)	=	 ஻ܶ(y,	x),	ܫ஻(x,	y)	=	

	.X	∈	y	x,	all	for	x),	஻(y,ܨ	=	y)	஻(x,ܨ	and	x)	஻(y,ܫ

	

Definition 2.8 [47].	A	single	valued	neutrosophic	graph	 (SVN‐graph)	with	

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

1.The	functions	T୅:V→[0,	1],	I୅:V→[0,	1]	and	F୅:V→[0,	1]	denote	the	degree	of	

truth‐membership,	 degree	 of	 indeterminacy‐membership	 and	 falsity‐

membership	of	the	element	 	∈	V,	respectively,		and	

0൑	T୅ሺv୧ሻ	+	I୅(v୧)	+F୅ሺv୧ሻ	൑3	for	all		 ∈	V	(i=1,	2,	…,n)	

2.	The	functions			T୆:	E	⊆	V	x	V	→[0,	1],		I୆:E	⊆	V	x	V	→[0,	1]	and	 :	E	⊆	V	x	V	

→[0,	1]	are	defined	by	

T୆ሺሼv୧, v୨ሽሻ	൑	min	[T୅ሺv୧ሻ,	T୅ሺv୨ሻ],	

I୆ሺሼv୧, v୨ሽሻ	൒	max	[I୅ሺv୧ሻ,	I୅ሺv୨ሻ]	and	
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F୆ሺሼv୧, v୨ሽሻ	൒	max	[F୅ሺv୧ሻ,	F୅ሺv୨ሻ]	

Denotes	 	 the	 degree	 of	 truth‐membership,	 indeterminacy‐membership	 and	

falsity‐membership	of	the	edge	(ݒ௜,	ݒ௝)	∈	E	respectively,	where	

	0൑	 ஻ܶሺሼݒ௜, ,௜ݒ஻ሺሼܫ	+	௝ሽሻݒ ,௜ݒ஻ሺሼܨ	+௝ሽሻݒ ,௜ݒሼ		all	for		൑3	௝ሽሻݒ ௝ሽݒ ∈	E	(i,	j	=	1,	2,…,	n)	

We	call	A	the	single	valued	neutrosophic	vertex	set	of	V,	B	the	single	valued	

neutrosophic	 edge	 set	 of	 E,	 respectively,	 Note	 that	 B	 is	 a	 symmetric	 single	

valued	neutrosophic	relation	on	A.	We	use	the	notation	ሺݒ௜, 	element	an	for	௝ሻݒ

of	E	Thus,	G	=	(A,	B)	is	a	single	valued	neutrosophic	graph	of	G∗=	(V,	E)	if		

஻ܶሺݒ௜, ]	min	൑	௝ሻݒ ஺ܶሺݒ௜ሻ,	 ஺ܶሺݒ௝ሻ],	

,௜ݒ஻ሺܫ 	and	[௝ሻݒ஺ሺܫ	,௜ሻݒ஺ሺܫ]	max	൒	௝ሻݒ

,௜ݒ஻ሺܨ ,௜ݒሺ		all	for					[௝ሻݒ஺ሺܨ	,௜ሻݒ஺ሺܨ]	max	൒	௝ሻݒ ௝ሻݒ ∈	E.	

	

	

	

	

	

																																					

Figure	3:	Single	valued	neutrosophic	graph	

Definition 2.9 [47].	A	partial	SVN‐subgraph	of		SVN‐graph	G=	(A,	B)		is	a	

SVN‐graph	H	=	(	ࢂᇱ,	ࡱᇱ)	such	that		

(i) 	ࢂᇱ ࡭ࢀ		where	,ࢂ	⊇
ᇱ ሺ࢏࢜ሻ	൑	࡭ࢀሺ࢏࢜ሻ,		࡭ࡵ

ᇱ ሺ࢏࢜ሻ ൒	࡭ࡵሺ࢏࢜ሻ,		࡭ࡲ
ᇱ ሺ࢏࢜ሻ	൒	

࢏࢜		all	for			ሻ,࢏࢜ሺ࡭ࡲ 	.ࢂ	∋

(ii) 	ࡱᇱ ࡮ࢀ	where	,ࡱ	⊇
ᇱ ሺ࢏࢜, ሻ࢐࢜ ൑	࡮ࢀሺ࢏࢜, ࢐࢏࡮۷		ሻ,࢐࢜

ᇱ 	൒	࡮ࡵሺ࢏࢜, ࡮ࡲ	,ሻ࢐࢜
ᇱ ሺ࢏࢜, 	ሻ࢐࢜

൒	࡮ࡲሺ࢏࢜, ሻ࢐࢜	࢏࢜)	all	for		ሻ,࢐࢜ 	.ࡱ	∋

Definition	2.10	[47].	A	SVN‐subgraph	of		SVN‐graph	G=	(V,	E)		is	a	SVN‐graph	

H	=	(	ࢂᇱ,	ࡱᇱ)	such	that		

(0.5, 0.4 ,0.5)

(0.2, 0.3 ,0.4)

(0.5, 0.1 ,0.4) 

vସ  vଷ 

vଵ  vଶ 

(0.6, 0.3 ,0.2)

(0.2, 0.4 ,0.5)
(0.4, 0.2 ,0.5) 

(0
.2

, 0
.3

 ,0
.4

) 

(0
.4

, 0
.3

 ,0
.6

) 
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(i) 	ࢂᇱ ൌ	ࢂ,	where		࡭ࢀ
ᇱ ሺ࢏࢜ሻ	ൌ	࡭ࢀሺ࢏࢜ሻ,		࡭ࡵ

ᇱ ሺ࢏࢜ሻ	ൌ	࡭ࡵሺ࢏࢜ሻ,		࡭ࡲ
ᇱ ሺ࢏࢜ሻ	ൌ	

	.ᇱࢂ			of	set	vertex	the	in	࢏࢜		all	ሻfor࢏࢜ሺ࡭ࡲ

(ii) 	ࡱᇱ ൌ	ࡱ,	where		࡮ࢀ
ᇱ ሺ࢏࢜, ሻ࢐࢜ ൌ	࡮ࢀሺ࢏࢜, ࡮ࡵ			,ሻ࢐࢜

ᇱ ሺ࢏࢜, ,࢏࢜ሺ࡮ࡵ	ൌ	ሻ࢐࢜ 			,ሻ࢐࢜

࡮ࡲ
ᇱ ሺ࢏࢜, ,࢏࢜ሺ࡮ࡲ	ൌ	ሻ࢐࢜ ሻ࢐࢜	࢏࢜)	every	for	ሻ࢐࢜ 	.ᇱࡱ		of	set	edge	the	in	ࡱ	∋

	

Definition 2.11 [47].	Let	G=	(A,	B)	be	a	single	valued	neutrosophic	graph.	

Then	the	degree	of	any	vertex	v	 is	sum	of	degree	of	truth‐membership,	sum	

of	 degree	 of	 indeterminacy‐membership	 and	 sum	 of	 degree	 of	 falsity‐

membership	 of	 all	 those	 edges	which	 are	 incident	 on	 vertex	 v	 denoted	 by	

d(v)=	(்݀ሺݒሻ,	݀ூሺݒሻ,	݀ிሺݒሻ)	where		

்݀ሺݒሻ=∑ ஻ܶሺݑ, ሻ௨ஷ௩ݒ 	denotes		degree	of	truth‐membership	vertex.	

	݀ூሺݒሻ=∑ ,ݑ஻ሺܫ ሻ௨ஷ௩ݒ 	denotes	degree	of	indeterminacy‐membership	vertex.	

݀ிሺݒሻ=∑ ,ݑ஻ሺܨ ሻ௨ஷ௩ݒ 	denotes	degree	of	falsity‐membership	vertex.	

Definition 2.12[47].	A	single	valued	neutrosophic	graph	G=(A,	B)	of	ܩ∗=	(V,	

E)	is	called		strong	single	valued	neutrosophic	graph	if		

஻ܶሺݒ௜, ]	min	ൌ	௝ሻݒ ஺ܶሺݒ௜ሻ,		 ஺ܶሺݒ௝ሻ]	

,௜ݒ஻ሺܫ	 		[௝ሻݒ஺ሺܫ		,௜ሻݒ஺ሺܫ]	max	ൌ	௝ሻݒ

,௜ݒ஻ሺܨ	 		[௝ሻݒ஺ሺܨ	,௜ሻݒ஺ሺܨ]	max	ൌ	௝ሻݒ

For	all	ሺݒ௜, ௝ሻݒ ∈	E.	

Definition 2.13 [47].	 	 A	 single	 valued	 neutrosophic	 graph	 G=	 (A,	 B)	 is	

called	complete		if			

஻ܶሺݒ௜, ]	min	ൌ	௝ሻݒ ஺ܶሺݒ௜ሻ,		 ஺ܶሺݒ௝ሻ]	

,௜ݒ஻ሺܫ	 		[௝ሻݒ஺ሺܫ		,௜ሻݒ஺ሺܫ]	max	ൌ	௝ሻݒ

,௜ݒ஻ሺܨ	 		[௝ሻݒ஺ሺܨ	,௜ሻݒ஺ሺܨ]	max	ൌ	௝ሻݒ

	for	all	ݒ௜, ௝ݒ ∈	V.	
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Definition 2.14[47].	The	complement	of	a	single	valued	neutrosophic	

graph	G	(A,	B)	on		ܩ∗	is	a	single	valued	neutrosophic	graph	̅ܩ	on	ܩ∗	where:	

	A=	ܣ̅	.1

2.	 ஺ܶതതത(ݒ௜ሻ=	 ஺ܶሺݒ௜ሻ,		ܫ஺ഥ(ݒ௜ሻ=	ܫ஺ሺݒ௜ሻ,		ܨ஺തതത(ݒ௜ሻ	=	ܨ஺ሺݒ௜ሻ,	for	all	ݒ௝ ∈	V.	

3.	 ஻ܶതതത(ݒ௜, ൣ	min	௝ሻ=ݒ ஺ܶሺݒ௜ሻ, ஺ܶ൫ݒ௝൯൧ െ	 ஻ܶ൫ݒ௜, 	௝൯ݒ

஻ഥܫ ,௜ݒ) ,௜ሻݒ஺ሺܫൣ	max	௝ሻ=ݒ ௝൯൧ݒ஺൫ܫ 		െ ,௜ݒ஻൫ܫ 	and	௝൯ݒ

,௜ݒ)஻തതതܨ ,௜ሻݒ஺ሺܨൣ	max	௝ሻ=ݒ ௝൯൧ݒ஺൫ܨ 		െ ,௜ݒ஻൫ܨ ,௜ݒሺ	all	For		௝൯,ݒ ௝ሻݒ ∈	E.	

Definition 2.15 [18].Let	 X	 	 be	 a	 space	 of	 points	 (objects)	 with	 generic	

elements	 in	 X	 denoted	 by	 x.	 An	 interval	 valued	 neutrosophic	 set	 (for	 short	

IVNS	 A)	 A	 in	 X	 is	 characterized	 by	 truth‐membership	 function	T୅ሺxሻ,	

indeteminacy‐membership	 function	 I୅ሺxሻ 	and	 falsity‐membership	

function		F୅ሺxሻ.	For	each	point	x	 in	X,	we	have	 that	T୅ሺxሻ=	[ࡸ࡭ࢀ(x),	ࢁ࡭ࢀ(x)],	

I୅ሺxሻ	=	 	=	F୅ሺxሻ	,[ሻ࢞ሺࢁ࡭ࡵ	,ሻ࢞ሺࡸ࡭ࡵ] 	,0]	⊇	[ሻ࢞ሺࢁ࡭ࡲ	,ሻ࢞ሺࡸ࡭ࡲ] 1]	 	 and	 	0	 ≤	 	T୅ሺxሻ	+	

I୅ሺxሻ	+	F୅ሺxሻ	≤	3.	

Definition 2.16 [18].	An	 IVNS	A	 is	 contained	 in	 the	 IVNS	B,	 A	⊆	B,	 if	 and	

only	 if	 	 ஺ܶ௅(x)	൑	 ஻ܶ௅(x),	 	 ஺ܶ௎(x)	൑	 ஻ܶ௎(x),	 	,஻௎(x)ܫ	൒	஺௎(x)ܫ	,஻௅(x)ܫ	൒	஺௅(x)ܫ	

	.X	in	x	any	for	஻௎(x)ܨ	൒	஺௎(x)ܨ	and	஻௅(x)ܨ	൒	஺௅(x)ܨ

Definition 2.17 [18].	The	union	of	two	interval	valued	neutrosophic	sets	A	

and	B	is	an	interval	neutrosophic	set	C,	written	as	C	=	A	∪	B,	whose	truth‐

membership,	indeterminacy‐membership,	and	false	membership	are	related	

to	those	A	and	B	by	

Tେ୐(x)	=		max	(T୅୐(x),		T୆୐(x))	

Tେ୙(x)	=		max	(T୅୙(x),		T୆୙(x))	

Iେ୐(x)	=		min	(I୅୐(x),		I୆୐(x))	

Iେ୙(x)	=		min	(I୅୙(x),		I୆୙(x))	

Fେ୐(x)	=		min	(F୅୐(x),		F୆୐(x))	



10 

 

 

Said Broumi ,  Mohamed Talea,  Assia Bakali,  Florentin Smarandache. 

Interval Valued Neutrosophic Graphs 

Critical Review. Volume XII, 2016 

Fେ୙(x)	=		min	(F୅୙(x),		F୆୙(x))		for	all	x	in	X.	

	

Definition 2.18 [18].	Let	X	and	Y	be	two	non‐empty	crisp	sets.	An	interval	

valued	neutrosophic	relation	R(X,	Y)	is	a	subset	of	product	space	X	ൈ	Y,	and	is	

characterized	by	 the	 truth	membership	 function	Tୖ (x,	y),	 the	 indeterminacy	

membership	 function	Iୖ(x,	 y),	 and	 the	 falsity	membership	 function	Fୖ(x,	 y),	

where	x	∈	X	and	y	∈	Y	and	Tୖ (x,	y),	Iୖ(x,	y),	Fୖ(x,	y)	⊆	[0,	1].	

	

3. Interval Valued Neutrosophic Graphs 

Throught	 this	 paper,	we	denote	ܩ∗	=	 (V,	 E)	 a	 crisp	 graph,	 and	G	=(A,	B)	 an	

interval	valued	neutrosophic	graph	

Definition 3.1.	By	an	interval‐valued	neutrosophic	graph	of	a	graph	G∗	=	(V,	

E)	we	mean	a	pair	G	=	(A,		B),	where	A	=<	[T୅୐,	T୅୙],	[I୅୐,	I୅୙],	[F୅୐,	F୅୙]>	is	

an	interval‐valued	neutrosophic	set	on	V	and	B	=<	[T୆୐,	T୆୙],	[I୆୐,	I୆୙],	[F୆୐,	

F୆୙]>	is	an	interval‐valued	neutrosophic	relation	on	E	satisfies	the	following	

condition:	

1.V=	{ݒଵ,		ݒଶ	,…,	ݒ௡}	such	that	 ஺ܶ௅:V→[0,	1],	 ஺ܶ௎:V→[0,	1],	ܫ஺௅:V→[0,	

‐truth	of	degree	the	denote	1]	஺௎:V→[0,ܨ		,1]	஺௅:V→[0,ܨ	and				1]	஺௎:V→[0,ܫ	,[1

membership,	the	degree	of		indeterminacy‐	membership	and	falsity‐

membership	of	the	element	ݕ	∈	V,	respectively,		and	

																														0൑	 ஺ܶሺݒ௜ሻ	+	ܫ஺(ݒ௜)	+ܨ஺ሺݒ௜ሻ	൑3	for	all		ݒ௜ ∈	V	(i=1,	2,	…,n)	

2.	The	 functions	 	 ஻ܶ௅:V	x	V	→[0,	1],		 ஻ܶ௎:V	x	V	→[0,	1],	 	V	x	஻௎:Vܫ	,1]	→[0,	V	x	஻௅:Vܫ	

→[0,	1]		and	ܨ஻௅:V	x	V	→[0,1],		ܨ஻௎:V	x	V	→[0,	1]	are	such	that	

஻ܶ௅ሺሼ݅ݒ, ]	min	൑	ሽሻ݆ݒ ஺ܶ௅ሺݒ௜ሻ,	 ஺ܶ௅ሺݒ௝ሻ]	

஻ܶ௎ሺሼ݅ݒ, ]	min	൑	ሽሻ݆ݒ ஺ܶ௎ሺݒ௜ሻ,	 ஺ܶ௎ሺݒ௝ሻ]																																																								

,݅ݒ஻௅ሺሼܫ 		[௝ሻݒ஻௅ሺܫ	,௜ሻݒ஻௅ሺܫ]max	൒	ሽሻ݆ݒ

,݅ݒ஻௎ሺሼܫ 	And		[௝ሻݒ஻௎ሺܫ	,௜ሻݒ஻௎ሺܫ]max	൒	ሽሻ݆ݒ
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,௜ݒ஻௅ሺሼܨ 		[௝ሻݒ஻௅ሺܨ	,௜ሻݒ஻௅ሺܨ]max	൒	௝ሽሻݒ

,௜ݒ஻௎ሺሼܨ 		[௝ሻݒ஻௎ሺܨ	,௜ሻݒ஻௎ሺܨ]max	൒	௝ሽሻݒ

Denotes	 the	 degree	 of	 truth‐membership,	 indeterminacy‐membership	 and	

falsity‐membership	of	the	edge	(ݒ௜,	ݒ௝)	∈	E	respectively,	where	

	0൑	 ஻ܶሺሼݒ௜, ,௜ݒ஻ሺሼܫ	+	௝ሽሻݒ ,௜ݒ஻ሺሼܨ	+௝ሽሻݒ ,௜ݒሼ		all	for		൑3	௝ሽሻݒ ௝ሽݒ ∈	E	(i,	j	=	1,	2,…,	n)	

We	 call	 A	 the	 interval	 valued	 neutrosophic	 vertex	 set	 of	 V,	 B	 the	 interval	

valued	neutrosophic	 edge	 set	of	E,	 respectively,	Note	 that	B	 is	 a	 symmetric	

interval	valued	neutrosophic	relation	on	A.	We	use	the	notation	ሺݒ௜, 	an	for	௝ሻݒ

element	of	E	Thus,	G	=	(A,	B)	is	an	interval	valued	neutrosophic	graph	of	G∗=	

(V,	E)	if		

஻ܶ௅ሺݒ௜, ]	min	൑	௝ሻݒ ஺ܶ௅ሺݒ௜ሻ,	 ஺ܶ௅ሺݒ௝ሻ]	

஻ܶ௎ሺݒ௜, ]	min	൑	௝ሻݒ ஺ܶ௎ሺݒ௜ሻ,	 ஺ܶ௎ሺݒ௝ሻ]																																																								

,௜ݒ஻௅ሺܫ 		[௝ሻݒ஻௅ሺܫ	,௜ሻݒ஻௅ሺܫ]max	൒	௝ሻݒ

,௜ݒ஻௎ሺܫ 		And		[௝ሻݒ஻௎ሺܫ	,௜ሻݒ஻௎ሺܫ]max	൒	௝ሻݒ

,௜ݒ஻௅ሺܨ 		[௝ሻݒ஻௅ሺܨ	,௜ሻݒ஻௅ሺܨ]max	൒	௝ሻݒ

,௜ݒ஻௎ሺܨ ,௜ݒሺ		all	for			[௝ሻݒ஻௎ሺܨ	,௜ሻݒ஻௎ሺܨ]max	൒	௝ሻݒ ௝ሻݒ ∈	E.	

Example 3.2.	 Consider	 	 a	 graph	ܩ∗	such	 that	 V=	 	,{ସݒ	,ଷݒ	,ଶݒ	,ଵݒ} E={ݒଵݒଶ,	

	B	let	and	V	of	subset	neutrosophic	valued	interval	a	be	A	Let	ଵ}.ݒସݒ	,ସݒଷݒ	,ଷݒଶݒ

a	interval	valued	neutrosophic	subset	of	E	denoted	by		

	 	ଵݒ 	ଶݒ 	ଷݒ 	 	 vଵvଶ	 	ଷݒଶݒ 	ଵݒଷݒ

஺ܶ௅	 0.3	

	

0.2	

	

0.1	

	

	 ஻ܶ௅	 0.1	

	

0.1	

	

0.1	

	

஺ܶ௎	 0.5	 0.3	 0.3	 	 ஻ܶ௎	 0.2	 0.3	 0.2	

	஺௅ܫ 0.2	 0.2	 0.2	 	 	஻௅ܫ 0.3	 0.4	 0.3	

	஺௎ܫ 0.3	 0.3	 0.4	 	 	஻௎ܫ 0.4	 0.5	 0.5	
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Figure	4:	G:	Interval	valued	neutrosophic	graph	
	
	

In	 figure	 4,	 (i)	 	 	 (vଵ,	 <[0.3,	 0.5],[	 0.2,	 0.3],[0.3,	 0.4]>)	 is	 an	 interval	 valued	

neutrosophic	vertex	or	IVN‐vertex.	

(ii)	(vଵvଶ,	<[0.1,	0.2],	[	0.3,	0.4],	[0.4,	0.5]>)	is	an	interval	valued	neutrosophic	

edge	or	IVN‐edge.	

(iii)	(vଵ,	<[0.3,	0.5],	 [	0.2,	0.3],	 [0.3,	0.4]>)	and	(vଶ,	<[0.2,	0.3],[	0.2,	0.3],[0.1,	

0.4]>)	are	interval	valued	neutrosophic	adjacent	vertices.	

(iv)	(vଵvଶ,	<[0.1,	0.2],	[	0.3,	0.4],	[0.4,	0.5]>)		and	(vଵvଷ,	<[0.1,	0.2],[	0.3,	0.5],	

[0.4,	0.6]>)			are		an	interval	valued	neutrosophic	adjacent	edge.	

Note	1.	(i)	When		 ஻ܶ௅ሺݒ௜, 	=	௝ሻݒ ஻ܶ௎ሺݒ௜, ,௜ݒ஻௅ሺܫ=	௝ሻݒ ,௜ݒ஻௎ሺܫ	=	௝ሻݒ ,௜ݒ஻௅ሺܨ	=௝ሻݒ 	௝ሻݒ

,௜ݒ஻௎ሺܨ	= 	.	v୨	and	v୧	between	edge	no	is	there	then	j,	and	i	some	for	௝ሻݒ

Otherwise	there	exists	an	edge	between	v୧	and	v୨	.	

(ii)	If	one	of	the	inequalities	is	not	satisfied	in	(1)	and	(2),	then	G	is	not	an	

IVNG	

The	interval	valued	neutrosophic	graph	G	depicted	in	figure	3	is	represented	

by	the	following		adjacency		matrix	ࡳࡹ		

	
	=	ࡳࡹ

቎
൏ ሾ૙. ૜, ૙. ૞ሿ, ሾ	૙. ૛, ૙. ૜ሿ, ሾ૙. ૜, ૙. ૝ሿ ൐ ൏ ሾ૙. ૚	, ૙. ૛ሿ, ሾ૙. ૜	, ૙. ૝ሿ, ሾ૙. ૝	, ૙. ૞ሿ ൐ ൏ ሾ૙. ૚	, ૙. ૛ሿ, ሾ૙. ૜	, ૙. ૞ሿ, ሾ૙. ૝	, ૙. ૟ሿ ൐
൏ ሾ૙. ૚	, ૙. ૛ሿ, ሾ૙. ૜	, ૙. ૝ሿ, ሾ૙. ૝	, ૙. ૞ሿ ൐ ൏ ሾ૙. ૛	, ૙. ૜ሿ, ሾ૙. ૛	, ૙. ૜ሿ, ሾ૙. ૚	, ૙. ૝ሿ ൐ ൏ ሾ૙. ૚	, ૙. ૜ሿ, ሾ૙. ૝	, ૙. ૞ሿ, ሾ૙. ૝	, ૙. ૞ሿ ൐
൏ ሾ૙. ૚	, ૙. ૛ሿ, ሾ૙. ૜	, ૙. ૞ሿ, ሾ૙. ૝	, ૙. ૟ሿ ൐ ൏ ሾ૙. ૚	, ૙. ૜ሿ, ሾ૙. ૝	, ૙. ૞ሿ, ሾ૙. ૝	, ૙. ૞ሿ ൐ ൏ ሾ૙. ૚	, ૙. ૜ሿ, ሾ૙. ૛	, ૙. ૝ሿ, ሾ૙. ૜	, ૙. ૞ሿ ൐

቏	

	

	஺௅ܨ 0.3	 0.1	 0.3	 	 	஻௅ܨ 0.4	 0.4	 0.4	

	஺௎ܨ 0.4	 0.4	 0.5	 	 	஻௎ܨ 0.5	 0.5	 0.6	

 ଷݒ

<[0.3, 0.5],[ 0.2, 0.3],[0.3, 0.4]> 
<[0.2, 0.3],[ 0.2, 0.3],[0.1, 0.4]> 

<[0.1, 0.3],[ 0.2, 0.4],[0.3, 0.5]>

<[0.1, 0.2],[ 0.3, 0.4],[0.4, 0.5]>

 ଵݒ
 ଶݒ

<[0.1, 0.3],[ 0.4, 0.5],[0.4, 0.5]><[0.1, 0.2],[ 0.3, 0.5],[0.4, 0.6]> 
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Definition 3.3.	A	partial	IVN‐subgraph	of		IVN‐graph	G=	(A,	B)		is	an	IVN‐

graph	H	=	(	ࢂᇱ,	ࡱᇱ)	such	that		

(i) 	ࢂᇱ ࡸ࡭ࢀ		where	,ࢂ	⊇
ᇱ ሺ࢏࢜ሻ	൑	ࡸ࡭ࢀሺ࢏࢜ሻ,	ࢁ࡭ࢀ

ᇱ ሺ࢏࢜ሻ	൑	ࢁ࡭ࢀሺ࢏࢜ሻ,			ࡸ࡭ࡵ
ᇱ ሺ࢏࢜ሻ	൒	

ࢁ࡭ࡵ		,ሻ࢏࢜ሺࡸ࡭ࡵ
ᇱ ሺ࢏࢜ሻ	൒	ࢁ࡭ࡵሺ࢏࢜ሻ,	ࡸ࡭ࡲ

ᇱ ሺ࢏࢜ሻ	൒	ࡸ࡭ࡲሺ࢏࢜ሻ,	ࢁ࡭ࡲ
ᇱ ሺ࢏࢜ሻ	൒	ࢁ࡭ࡲሺ࢏࢜ሻ,			for	all		

࢏࢜ 	.ࢂ	∋

	

(ii) 	ࡱᇱ ࡸ࡮ࢀ		where	,ࡱ	⊇
ᇱ ሺ࢏࢜, ሻ࢐࢜ ൑	ࡸ࡮ࢀሺ࢏࢜, ࢁ࡮ࢀ	,ሻ࢐࢜

ᇱ ሺ࢏࢜, ሻ࢐࢜ ൑	ࢁ࡮ࢀሺ࢏࢜, 			,ሻ࢐࢜

ࡸ࡮ࡵ
ᇱ ሺ࢏࢜, ,࢏࢜ሺࡸ࡮ࡵ	൒		ሻ࢐࢜ ࢁ࡮ࡵ	,ሻ࢐࢜

ᇱ ሺ࢏࢜, ,࢏࢜ሺࢁ࡮ࡵ	൒		ሻ࢐࢜ ࡸ࡮ࡲ		,ሻ࢐࢜
ᇱ ሺ࢏࢜, ,࢏࢜ሺࡸ࡮ࡲ	൒		ሻ࢐࢜ 		,ሻ࢐࢜

܃۴۰
ᇱ ሺ࢏࢜, ,࢏࢜ሺࢁ࡮ࡲ	൒	ሻ࢐࢜ ሻ࢐࢜	࢏࢜)	all	for			ሻ,࢐࢜ 	.ࡱ	∋

Definition 3.4.	An	IVN‐subgraph	of		IVN‐graph	G=	(V,	E)		is	an	IVN‐graph	H	

		that	such	(ᇱࡱ	,ᇱࢂ	)	=

(i) 	ࡸ࡭ࢀ
ᇱ ሺ࢏࢜ሻ	ൌ	ࡸ࡭ࢀሺ࢏࢜ሻ,	ࢁ࡭ࢀ

ᇱ ሺ࢏࢜ሻ	ൌ	ࢁ࡭ࢀሺ࢏࢜ሻ,			ࡸ࡭ࡵ
ᇱ ሺ࢏࢜ሻ	ൌ	ࡸ࡭ࡵሺ࢏࢜ሻ,	ࢁ࡭ࡵ

ᇱ ሺ࢏࢜ሻ	ൌ	

ࡸ࡭ࡲ	,ሻ࢏࢜ሺࢁ࡭ࡵ
ᇱ ሺ࢏࢜ሻ	ൌ	ࡸ࡭ࡲሺ࢏࢜ሻ,	ࢁ࡭ࡲ

ᇱ ሺ࢏࢜ሻ	ൌ	ࢁ࡭ࡲሺ࢏࢜ሻ,		for	all		࢏࢜	in	the	vertex	set	of			

	.ᇱࢂ

	

(ii) 	ࡱᇱ ൌ	ࡱ,	where		ࡸ࡮ࢀ
ᇱ ሺ࢏࢜, ሻ࢐࢜ ൌ	ࡸ࡮ࢀሺ࢏࢜, ࢁ࡮ࢀ	,ሻ࢐࢜

ᇱ ሺ࢏࢜, ሻ࢐࢜ ൌ	ࢁ࡮ࢀሺ࢏࢜, 			,ሻ࢐࢜

ࡸ࡮ࡵ
ᇱ ሺ࢏࢜, ,࢏࢜ሺࡸ࡮ࡵ	=	ሻ࢐࢜ ࢁ࡮ࡵ	,ሻ࢐࢜

ᇱ ሺ࢏࢜, ൌ		ሻ࢐࢜ ,࢏࢜ሺࢁ࡮ࡵ ࡸ࡮ࡲ		,ሻ࢐࢜
ᇱ ሺ࢏࢜, ,࢏࢜ሺࡸ࡮ࡲ	=	ሻ࢐࢜ 		,ሻ࢐࢜

܃۴۰
ᇱ ሺ࢏࢜, ,࢏࢜ሺࢁ࡮ࡲ	=	ሻ࢐࢜ ሻ࢐࢜	࢏࢜)	every	for	ሻ,࢐࢜ 	.ᇱࡱ		of	set	edge	the	in	ࡱ	∋

	

Example 3.5.		۵૚	in	Figure	5			is	an	IVN‐graph.	۶૚	in	Figure	6	is	a	partial	IVN‐

subgraph	and		۶૛	in	Figure	7		is	a		IVN‐subgraph	of	۵૚	

	

	
	
	

	

	

											

																											Figure	5:	Gଵ,	an	interval	valued	neutrosophic	graph	

	

 ଷݒ

<[0.3, 0.5],[ 0.2, 0.3],[0.3, 0.4]> 
<[0.2, 0.3],[ 0.2, 0.3],[0.1, 0.4]> 

<[0.1, 0.3],[ 0.2, 0.4],[0.3, 0.5]>

<[0.1, 0.2],[ 0.3, 0.4],[0.4, 0.5]>

 ଵݒ
 ଶݒ

<[0.1, 0.3],[ 0.4, 0.5],[0.4, 0.5]> <[0.1, 0.2],[ 0.3, 0.5],[0.4, 0.6]>
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Figure	6:	Hଵ,	a	partial	IVN‐subgraph	of		Gଵ	

	

	

	

																																																		Figure	7:	Hଶ,	an	IVN‐subgraph	of		Gଵ.	

Definition 3.6.	The	two	vertices	are	said	to	be	adjacent	in	an	interval	

valued	neutrosophic		graph		G=	(A,		B)	if			

஻ܶ௅ሺݒ௜, ]	min	ൌ	௝ሻݒ ஺ܶ௅ሺݒ௜ሻ,	 ஺ܶ௅ሺݒ௝ሻ],	

஻ܶ௎ሺݒ௜, ]	min	ൌ	௝ሻݒ ஺ܶ௎ሺݒ௜ሻ,	 ஺ܶ௎ሺݒ௝ሻ],	

,௜ݒ஻௅ሺܫ 	[௝ሻݒ஺௅ሺܫ	,௜ሻݒ஺௅ሺܫ]	max	ൌ	௝ሻݒ

,௜ݒ஻௎ሺܫ 		and	[௝ሻݒ஺௎ሺܫ	,௜ሻݒ஺௎ሺܫ]	max	ൌ	௝ሻݒ

,௜ݒ஻௅ሺܨ	 	[௝ሻݒ஺௅ሺܨ	,௜ሻݒ஺௅ሺܨ]	max	ൌ	௝ሻݒ

,௜ݒ஻௎ሺܨ 	[௝ሻݒ஺௎ሺܨ	,௜ሻݒ஺௎ሺܨ]	max	ൌ	௝ሻݒ

	In	this	case,	ݒ௜	and	ݒ௝	are	said	to	be	neighbours	and	(ݒ௜,	ݒ௝)	is	incident	at	ݒ௜	

and	ݒ௝	also.	

Definition 3.7.	A	path		P		in	an	interval	valued	neutrosophic		graph	G=	(A,	B)	

is	 a	 sequence	of	distinct	vertices	ݒ଴,	ݒଵ,	ݒଷ,…	ݒ௡	such	 that	 	 	 ஻ܶ௅ሺݒ௜ିଵ, 	,0	൐		௜ሻݒ

	 ஻ܶ௎ሺݒ௜ିଵ, 	,0	൐		௜ሻݒ ,௜ିଵݒ஻௅ሺܫ	 ,௜ିଵݒ஻௎ሺܫ	,0	൐		௜ሻݒ 	0	൐		௜ሻݒ 	 and	ܨ஻௅ሺݒ௜ିଵ, 	,0	൐		௜ሻݒ

,௜ିଵݒ஻௎ሺܨ 	.P	path	the	of	length	the	called	is	1	൒	n	Here	1.	൑	൑i	0		for						0	൐		௜ሻݒ

A	single	node	or	vertex	ݒ௜	may	also	be	considered	as	a	path.	In	this	case	the	

path	is	of	the	length	([0,	0],	[0,	0],	[0,	0]).	The	consecutive	pairs	ሺݒ௜ିଵ, 	are		௜ሻݒ

called	edges	of	the	path.We	call	P	a	cycle	if	ݒ଴=	ݒ௡	and	n൒3.	

 ଷݒ

<[0.2, 0.3],[ 0.2, 0.4],[0.3, 0.5]> 
<[0.2, 0.3],[ 0.3, 0.4],[0.3, 0.6]> 

<[0.1, 0.2],[ 0.3, 0.4],[0.4, 0.6]>

<[0.1, 0.2],[ 0.4, 0.5],[0.4, 0.6]>

 ଵݒ
 ଶݒ

<[0.1, 0.2],[ 0.5, 0.6],[0.4, 0.7]>

 ଵݒ

<[0.3, 0.5],[ 0.2, 0.3],[0.3, 0.4]> <[0.2, 0.3],[ 0.2, 0.3],[0.1, 0.4]> 

<[0.1, 0.2],[ 0.3, 0.4],[0.4, 0.5]>

 ଶݒ
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Definition 3.8.	An	 interval	valued	neutrosophic	graph	G=	(A,	B)	 is	 said	 to	

be	 connected	 if	 every	 pair	 of	 vertices	 has	 at	 least	 one	 interval	 valued	

neutrosophic	path	between	them,	otherwise	it	is	disconnected.	

	

Definition 3.9.	A	vertex	v୨ ∈	V	of	interval	valued	neutrosophic	graph	G=	(A,	

B)	is	said	to	be	an	isolated	vertex	if	there	is	no	effective	edge	incident	at	v୨.	

	
	
	
	
	
	
	
	
	
	
	
	

Figure	8:Example	of	interval	valued	neutrosophic	graph	
In	figure	8,	the	interval	valued	neutrosophic	vertex			vସ	is	an	isolated	vertex.	

	

Definition 3.10.	 A	 vertex	 in	 an	 interval	 valued	 neutrosophic	 G=	 (A,	 B)	

having	exactly	one	neighbor	is	called	a	pendent	vertex.	Otherwise,	it	is	called	

non‐pendent	 vertex.	 An	 edge	 in	 an	 interval	 valued	 neutrosophic	 graph	

incident	with	a	pendent	vertex	is	called	a	pendent	edge.	Otherwise	it	is	called	

non‐pendent	 edge.	 A	 vertex	 in	 an	 interval	 valued	 neutrosophic	 graph	

adjacent	to	the	pendent	vertex	is	called	a	support	of	the	pendent	edge	

	

Definition 3.11.	An	interval	valued	neutrosophic	graph	G=	(A,	B)	that	has	

neither	self	loops	nor	parallel	edge	is	called	simple	interval	valued	

neutrosophic	graph.	

		

 ଷݒ

<[0.3, 0.5],[ 0.2, 0.3],[0.3, 0.4]> 
<[0.2, 0.3],[ 0.2, 0.3],[0.1, 0.4]>

<[0.1, 0.3],[ 0.2, 0.4],[0.3, 0.5]>

<[0.1, 0.2],[ 0.3, 0.4],[0.4, 0.5]>

 ଵݒ
 ଶݒ

<[0.1, 0.3],[ 0.4, 0.5],[0.4, 0.5]><[0.1, 0.2],[ 0.3, 0.5],[0.4, 0.6]> 

 ସݒ

<[0.1, 0.4],[ 0.2, 0.3],[0.4, 0.5]>
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Definition  3.12.	When	 a	 vertex	ܑܞ	is	 end	 vertex	 of	 some	 edges	 	(ܒܞ	,ܑܞ) 	 of	

any	IVN‐graph		G=	(A,	B).	Then		ܑܞ	and	(,ܑܞ	ܒܞ)	are	said	to	be	incident	to	each	

other.	

	

	
	
	
	
	
	
	
																																																														Figure	9	:		Incident	IVN‐graph.	

	
In	this	graph	vଶvଵ,	vଶvଷ	and		vଶvସ	are	incident	on	vଶ.	

Definition 3.13.	Let	 G=	 (A,	B)	 be	 an	 interval	 valued	 valued	 neutrosophic	

graph.	Then	the	degree	of	any	vertex	v	is	sum	of	degree	of	truth‐membership,	

sum	 of	 degree	 of	 indeterminacy‐membership	 and	 sum	 of	 degree	 of	 falsity‐

membership	of	all	those	edges	which	are	incident	on	vertex	v	denoted	by		

d(v)=	([்݀௅ሺݒሻ,	்݀௎ሺݒሻ],	ሾ݀ூ௅ሺݒሻ, ݀ூ௎ሺݒሻሿ, ሾ݀ி௅ሺݒሻ, ݀ி௎ሺݒሻሿሻ	where		

்݀௅ሺݒሻ=∑ ஻ܶ௅ሺݑ, ሻ௨ஷ௩ݒ 	denotes		degree	of	lower	truth‐membership	vertex.	

்݀௎ሺݒሻ=∑ ஻ܶ௎ሺݑ, ሻ௨ஷ௩ݒ 	denotes		degree	of		upper	truth‐membership	vertex,	

	݀ூ௅ሺݒሻ=∑ ,ݑ஻௅ሺܫ ሻ௨ஷ௩ݒ 	denotes	 degree	 of	 lower	 indeterminacy‐membership	

vertex.	

݀ூ௎ሺݒሻ=∑ ,ݑ஻௎ሺܫ ሻ௨ஷ௩ݒ 	denotes	 degree	 of	 upper	 indeterminacy‐membership	

vertex.	

݀ி௅ሺݒሻ=∑ ,ݑ஻௅ሺܨ ሻ௨ஷ௩ݒ 	denotes	degree	of	lower	falsity‐membership	vertex.	

݀ி௎ሺݒሻ=∑ ,ݑ஻௎ሺܨ ሻ௨ஷ௩ݒ 	denotes	degree	of	upper	falsity‐membership	vertex.	

Example 3.14.	Let	us	consider	an	intreval	valued		neutrosophic	graph		G=	

(A,	B)	of		ܩ∗	=	(V,	E)	where	V	={vଵ,	vଶ,	vଷ,	vସ}	and	E={vଵvଶ,	vଶvଷ,	vଷvସ	,	vସvଵ}.		

	

 ଷݒ

<[0.3, 0.5],[ 0.2, 0.3],[0.3, 0.4]> 
<[0.2, 0.3],[ 0.2, 0.3],[0.1, 0.4]>

<[0.1, 0.3],[ 0.2, 0.4],[0.3, 0.5]>

<[0.1, 0.2],[ 0.3, 0.4],[0.4, 0.5]>

 ଵݒ
 ଶݒ

<[0.1, 0.3],[ 0.4, 0.5],[0.4, 0.5]><[0.1, 0.2],[ 0.3, 0.5],[0.4, 0.6]> 

 ସݒ

<[0.1, 0.4],[ 0.2, 0.3],[0.4, 0.5]>

<[0.1, 0.2],[ 0.3, 0.4],[0.4, 0.5]> 
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																								Figure	10:	Degree	of	vertex	of	interval	valued	neutrosophic	graph	
	

We	have,	the	degree	of	each	vertex	as	follows:	

݀ሺvଵሻ=	ሺ[0.3,	0.6],	[0.5,	0.9],	[0.5,	0.9]),	݀ሺvଶሻ=	ሺ[0.4,	0.6],	[0.5,	1.0],	[0.4,	0.8]),	

݀ሺvଷሻ=	ሺ[0.4,	0.6],	[0.6,	0.9],	[0.4,	0.8]),	݀ሺvସሻ=	ሺ[0.3,	0.6],	[0.6,	0.8],	[0.5,	0.9]),	

Definition 3.15 .	An	interval	valued	neutrosophic	graph	G=	(A,	B)	is		called	

constant	if	degree	of	each	vertex	is	k	=ሺ[݇ଵ௅,	݇ଵ௎],	[݇ଶ௅,	݇ଶ௎],	[݇ଷ௅,	݇ଷ௎]),That	

is,	d(ݒ)	=ሺ[݇ଵ௅,	݇ଵ௎],	[݇ଶ௅,	݇ଶ௎],	[݇ଷ௅,	݇ଷ௎]),	for	all	ݒ	∈	V.		

Example 3.16.	 Consider	 An	 interval	 valued	 	 neutrosophic	 graph	 	 G	 such	

that	V	={vଵ,	vଶ,	vଷ,	vସ}	and	E={vଵvଶ,	vଶvଷ,	vଷvସ	,	vସvଵ}.		

	

	

	

	

	

	
	
	
																																										
	
	
																																															
																																																			Figure	11:	Constant	IVN‐graph.	
	

 ସݒ

<[0.2, 0.3],[ 0.2, 0.4],[0.1, 0.2]>

<[0.2, 0.3],[ 0.3, 0.4],[0.2, 0.4]>

 ଷݒ

<[0.3, 0.6],[ 0.2, 0.3],[0.2, 0.3]>

<[
0
.1
, 0
.3
],
[ 
0
.3
, 0
.4
],
[0
.3
, 0
.5
]>
 

<[0.4, 0.6],[ 0.1, 0.2],[0.2, 0.3]> <[0.4, 0.5],[ 0.1, 0.3],[0.1, 0.4]> 

 ଵݒ

<[0.2, 0.3],[ 0.2, 0.5],[0.2, 0.4]>

 ଶݒ

<[
0
.2
, 0
.3
],
[ 
0
.3
, 0
.5
],
[0
.2
, 0
.4
]>
 

 ସݒ

<[0.2, 0.3],[ 0.2, 0.4],[0.1, 0.2]>

<[0.2, 0.3],[ 0.2, 0.5],[0.2, 0.4]>

 ଷݒ

<[0.3, 0.6],[ 0.2, 0.3],[0.2, 0.3]>

<[
0
.2
, 0
.3
],
[ 
0
.2
, 0
.5
],
[0
.2
, 0
.4
]>
 

<[0.4, 0.6],[ 0.1, 0.2],[0.2, 0.3]> <[0.4, 0.5],[ 0.1, 0.3],[0.1, 0.4]> 

 ଵݒ

<[0.2, 0.3],[ 0.2, 0.5],[0.2, 0.4]>

 ଶݒ

<[
0
.2
, 0
.3
],
[ 
0
.2
, 0
.5
],
[0
.2
, 0
.4
]>
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Clearly,	G	is	constant	IVN‐graph	since	the	degree	of		ܞ૚,	ܞ૛,	ܞ૜	and	ܞ૝	is	ሺ[0.4,	

0.6],	[0.4,	1],	[0.4,	0.8])	

Definition 3.17.	An	interval	valued	neutrosophic	graph	G=(A,	B)	of	ܩ∗=	(V,	

E)	is	called		strong		interval	valued	neutrosophic	graph	if		

஻ܶ௅ሺݒ௜, ]	min	ൌ	௝ሻݒ ஺ܶ௅ሺݒ௜ሻ,		 ஺ܶ௅ሺݒ௝ሻ],	 ஻ܶ௎ሺݒ௜, ]	min	ൌ	௝ሻݒ ஺ܶ௎ሺݒ௜ሻ,		 ஺ܶ௎ሺݒ௝ሻ]	

,௜ݒ஻௅ሺܫ	 ,௜ݒ஻௎ሺܫ		,[௝ሻݒ஺௅ሺܫ		,௜ሻݒ஺௅ሺܫ]	max	ൌ	௝ሻݒ 		[௝ሻݒ஺௎ሺܫ		,௜ሻݒ஺௎ሺܫ]	max	ൌ	௝ሻݒ

,௜ݒ஻௅ሺܨ	 ,௜ݒ஻௎ሺܨ		,[௝ሻݒ஺௅ሺܨ	,௜ሻݒ஺௅ሺܨ]	max	ൌ	௝ሻݒ 	for	,[௝ሻݒ஺௎ሺܨ	,௜ሻݒ஺௎ሺܨ]	max	ൌ	௝ሻݒ

all	ሺݒ௜, ௝ሻݒ ∈	E.	

Example 3.18.	Consider	 	 a	 graph	ܩ∗	such	 that	 V=	 	,{ସݒ	,ଷݒ	,ଶݒ	,ଵݒ} E={ݒଵݒଶ,	

	let	and	V	of	subset	neutrosophic	valued	interval	an	be	A	Let	ଵ}.ݒସݒ	,ସݒଷݒ	,ଷݒଶݒ

B	an	interval	valued	neutrosophic	subset	of	E	denoted	by		

	 	ଵݒ 	ଶݒ 	ଷݒ 	 	 	ଶݒଵݒ 	ଷݒଶݒ 	ଵݒଷݒ

஺ܶ௅	 0.3	

	

0.2	

	

0.1	

	

	 ஻ܶ௅	 0.2	

	

0.1	

	

0.1	

	

஺ܶ௎	 0.5	 0.3	 0.3	 	 ஻ܶ௎	 0.3	 0.3	 0.3	

	஺௅ܫ 0.2	 0.2	 0.2	 	 	஻௅ܫ 0.2	 0.2	 0.2	

	஺௎ܫ 0.3	 0.3	 0.4	 	 	஻௎ܫ 0.3	 0.4	 0.4	

	஺௅ܨ 0.3	 0.1	 0.3	 	 	஻௅ܨ 0.3	 0.3	 0.3	

	஺௎ܨ 0.4	 0.4	 0.5	 	 	஻௎ܨ 0.4	 0.4	 0.5	

	

	

	

	

	

	

	

Figure12:Strong	IVN‐graph.	

 ଷݒ

<[0.3, 0.5],[ 0.2, 0.3],[0.3, 0.4]> 
<[0.2, 0.3],[ 0.2, 0.3],[0.1, 0.4]> 

<[0.1, 0.3],[ 0.2, 0.4],[0.3, 0.5]>

<[0.2, 0.3],[ 0.2, 0.3],[0.3, 0.4]>

 ଵݒ
 ଶݒ

<[0.1, 0.3],[ 0.2, 0.4],[0.3, 0.4]> <[0.1, 0.3],[ 0.2, 0.4],[0.3, 0.5]>
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By	routing	computations,	it	is	easy	to	see	that	G	is	a	strong	interval	valued	

neutrosophic	of	ܩ∗.	

Proposition 3.19:	 An	 interval	 valued	 neutrosophic	 graph	 is	 the	

generalization	of	interval	valued	fuzzy	graph	

Proof:	Suppose	G=(V,	E)	be	an	interval	valued	neutrosophic	graph.	Then	by	

setting	 the	 indeterminacy‐	 membership	 and	 falsity‐	 membership	 values	 of	

vertex	 set	 and	 edge	 set	 equals	 to	 zero	 reduces	 the	 interval	 valued	

neutrosophic	graph	to	interval	valued	fuzzy	graph.	

Proposition 3.20:	 An	 interval	 valued	 neutrosophic	 graph	 is	 the	

generalization	of	interval	valued	intuitionistic	fuzzy	graph	

Proof:	Suppose	G=(V,	E)	be	an	interval	valued	neutrosophic	graph.	Then	by	

setting	 the	 indeterminacy‐	 membership	 	 values	 of	 vertex	 set	 and	 edge	 set		

equals	 to	 zero	 reduces	 the	 interval	 valued	 neutrosophic	 graph	 to	 interval	

valued	intuitionistic	fuzzy	graph.	

Proposition 3.21:	 An	 interval	 	 valued	 neutrosophic	 graph	 is	 the	

generalization	of	intuitionistic	fuzzy	graph	

Proof:	Suppose	G=(V,	E)	be	an	interval	valued	neutrosophic	graph.	Then	by	

setting	the	indeterminacy‐	membership,	upper	truth‐membership	and	upper	

falsity‐membership		values	of	vertex	set	and	edge	set		equals	to	zero	reduces	

the	interval	valued	neutrosophic	graph	to	intuitionistic	fuzzy	graph.	

Proposition 3.22:	 An	 interval	 valued	 neutrosophic	 graph	 is	 the	

generalization	of	single	valued	neutrosophic	graph.	

Proof:	Suppose	G=(V,	E)	be	an	interval	valued	neutrosophic	graph.	Then	by	

setting	 the	 upper	 truth‐membership	 equals	 lower	 truh‐membership,	 upper	

indeterminacy‐	 membership	 equals	 lower	 indeterminacy‐membership	 and	

upper	falsity‐membership	equals	lower	falsity‐	membership	values	of	vertex	
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set	 and	 edge	 set	 	 reduces	 the	 interval	 valued	 neutrosophic	 graph	 to	 single	

valued	neutrosophic	graph.	

Definition 3.23.	The	complement	of	an	interval	valued	neutrosophic	graph	

G	(A,	B)	on		ܩ∗	is	an	interval	valued	neutrosophic	graph	̅ܩ	on	ܩ∗	where:	

	A=	ܣ̅	.1

2.	 ஺ܶ௅തതതത(ݒ௜ሻ=	 ஺ܶ௅ሺݒ௜ሻ,	 ஺ܶ௎തതതതത(ݒ௜ሻ=	 ஺ܶ௎ሺݒ௜ሻ,	ܫ஺௅തതതത(ݒ௜ሻ=	ܫ஺௅ሺݒ௜ሻ,	ܫ஺௎തതതത(ݒ௜ሻ=	ܫ஺௎ሺݒ௜ሻ,	

௝ݒ	all	for	௜ሻ,ݒ஺௎ሺܨ	=	௜ሻݒ)஺௎തതതതതܨ	,௜ሻݒ஺௅ሺܨ	=	௜ሻݒ)஺௅തതതതܨ	 ∈	V.	

3.	 ஻ܶ௅തതതത(ݒ௜, ൣ	min	௝ሻ=ݒ ஺ܶ௅ሺݒ௜ሻ, ஺ܶ௅൫ݒ௝൯൧ 	െ ஻ܶ௅൫ݒ௜, 	,௝൯ݒ

஻ܶ௎തതതതത(ݒ௜, ൣ	min	௝ሻ=ݒ ஺ܶ௎ሺݒ௜ሻ, ஺ܶ௎൫ݒ௝൯൧	‐ ஻ܶ௎൫ݒ௜, 	,௝൯ݒ

,௜ݒ)஻௅തതതതܫ ,௜ሻݒ஺௅ሺܫൣ	max	௝ሻ=ݒ ௝൯൧ݒ஺௅൫ܫ 	െ

,௜ݒ஻௅൫ܫ	 ,௜ݒ)஻௎തതതതܫ	,௝൯ݒ ,௜ሻݒ஺௎ሺܫൣ	max	௝ሻ=ݒ ,௜ݒ஻௎൫ܫ‐		௝൯൧ݒ஺௎൫ܫ 	and		௝൯,ݒ

,௜ݒ)஻௅തതതതതܨ ,௜ሻݒ஺௅ሺܨൣ	max	௝ሻ=ݒ ,௜ݒ஻௅൫ܨ‐		௝൯൧ݒ஺௅൫ܨ 	,௝൯ݒ

,௜ݒ)஻௎തതതതതܨ ,௜ሻݒ஺௎ሺܨൣ	max	௝ሻ=ݒ ,௜ݒ஻௎൫ܨ‐		௝൯൧ݒ஺௎൫ܨ ,௜ݒሺ	all	For	௝൯,ݒ ௝ሻݒ ∈	E	

Remark 3.24.	if	G=	(V,	E)	is		an	interval	valued	neutrosophic	graph	on		ܩ∗.	

Then	from	above	definition,	it	follow	that	̅ܩ	ഥ 	is	given	by	the	interval	valued	

neutrosophic	graph		Gഥ	ഥ 	ൌሺVഥ	ഥ ,	Eഥ	ഥሻ	on	G∗	where	Vഥ	ഥൌV	and	

T୆୐തതതതതതതതതതሺv୧, v୨ሻൌ	min	ൣT୅୐ሺv୧ሻ, T୅൫v୨൯൧‐T୆୐൫v୧, v୨൯,	

T୆୙തതതതതതതതതതሺv୧, v୨ሻൌ	min	ൣT୅୙ሺv୧ሻ, T୅൫v୨൯൧‐T୆୙൫v୧, v୨൯,	

	I୆୐തതതതതതതതሺv୧, v୨ሻൌ	max	ൣI୅୐ሺv୧ሻ, I୅୐൫v୨൯൧‐I୆୐൫v୧, v୨൯,		

I୆୙തതതതതതതതሺv୧, v୨ሻൌ	max	ൣI୅୙ሺv୧ሻ, I୅୙൫v୨൯൧‐I୆୙൫v୧, v୨൯,		and	

	F୆୐തതതതതതതതതതሺv୧, v୨ሻ	ൌ	max	ൣF୅୐ሺv୧ሻ, F୅୐൫v୨൯൧‐F୆୐൫v୧, v୨൯,	F୆୙തതതതതതതതതതሺv୧, v୨ሻ	

ൌ	max	ൣF୅୙ሺv୧ሻ, F୅୙൫v୨൯൧‐F୆୙൫v୧, v୨൯,	For	all	ሺv୧, v୨ሻ ∈	E.	

Thus	 	 ஻ܶ௅തതതതതതതത	= ஻ܶ௅,	 ஻ܶ௎തതതതതതതതതത	= ஻ܶ௎௅,		ܫ஻௅തതതതതതതത	=ܫ஻௅,	ܫ஻௎തതതതതതതത	=ܫ஻௎,	 and	ܨ஻௅തതതതതതതതതത	=ܨ஻௅,		ܨ஻௎തതതതതതതതതത	=ܨ஻௎		 on	 V,	

where	 E	 =(	 [ ஻ܶ௅ ,	 ஻ܶ௎ ],	 	 ஻௅ܫ] ஻௎ܫ	, ],	 ஻௅ܨ] ஻௎ܨ	, ])	 is	 the	 interval	 valued	
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neutrosophic	relation	on	V.	For	any	interval	valued	neutrosophic	graph	G,	̅ܩ	

is	strong	interval	valued	neutrosophic	graph	and		G	⊆	̅ܩ.	

Proposition 3.25.	 G=	̅ܩ	ഥ 	if	 and	 only	 if	 G	 is	 a	 strong	 interval	 valued		

neutrosophic	graph. 	

Proof.	it	is	obvious.	

Definition 3.26.	A	 strong	 interval	 valued	 neutrosophic	 graph	 G	 is	 called	

self	 complementary	 if	 G≅	̅ܩ.	Where	̅ܩ	is	 the	 complement	 of	 interval	 valued	

neutrosophic	graph	G.	

Example 3.27.	 Consider	 a	 graph	ܩ∗	=	 (V,	 E)	 such	 that	 V	 ={vଵ,	vଶ,	vଷ,	vସ},	

E={vଵvଶ,	vଶvଷ,	vଷvସ,	vଵvସ}.	Consider	an	interval	valued		neutrosophic	graph	G.	

	

	

	

	

	

	

	

Figure13:	G:	Strong	IVN‐	graph	

							

	

	

																															

	

	

	

																																																				Figure14:	̅ܩ	Strong	IVN‐	graph	

 ସݒ

<[0.2, 0.3],[ 0.2, 0.4],[0.1, 0.2]> 

<[0.2, 0.3],[ 0.2, 0.4],[0.2, 0.3]>

 ଷݒ

<[0.3, 0.6],[ 0.2, 0.3],[0.2, 0.3]>

<[
0
.3
, 0
.5
],
[ 
0
.2
, 0
.3
],
[0
.2
, 0
.4
]>
 

<[0.4, 0.6],[ 0.1, 0.2],[0.2, 0.3]> <[0.4, 0.5],[ 0.1, 0.3],[0.1, 0.4]> 

 ଵݒ

<[0.4, 0.6],[ 0.1, 0.3],[0.2, 0.4]>

 ଶݒ
<[
0
.2
, 0
.3
],
[ 
0
.2
, 0
.4
,[
0
.2
, 0
.3
]>
 

<[0.4, 0.5],[ 0.1, 0.3],[0.1, 0.4]>

vଵ 
<[0.2, 0.3],[ 0.2, 0.4],[0.1, 0.4]> 

<[0.2, 0.3],[ 0.2, 0.4],[0.1, 0.2]>

vଷ 

<[0.3, 0.6],[ 0.2, 0.3],[0.2, 0.3]>

vସ 

<[0.4, 0.6],[ 0.1, 0.2],[0.2, 0.3]>

vଶ 

<[0.3, 0.6],[ 0.2, 0.3],[0.2, 0.3]> 
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																																													Figure15:	̅ܩ	ഥ 	Strong	IVN‐	graph	

Clearly,	G≅	̅ܩ	ഥ .	Hence		G	is	self	complementary.		

Proposition 3.26.	Let	 G=(A,	 B)	 be	 a	 strong	 interval	 valued	 neutrosophic	

graph.	If	

஻ܶ௅ሺݒ௜, ]	min	ൌ	௝ሻݒ ஺ܶ௅ሺݒ௜ሻ,		 ஺ܶ௅ሺݒ௝ሻ]	

஻ܶ௎ሺݒ௜, ]	min	ൌ	௝ሻݒ ஺ܶ௎ሺݒ௜ሻ,		 ஺ܶ௎ሺݒ௝ሻ]	

,௜ݒ஻௅ሺܫ	 		[௝ሻݒ஺௅ሺܫ		,௜ሻݒ஺௅ሺܫ]	max	ൌ	௝ሻݒ

,௜ݒ஻௎ሺܫ 		[௝ሻݒ஺௎ሺܫ		,௜ሻݒ஺௎ሺܫ]	max	ൌ	௝ሻݒ

,௜ݒ஻௅ሺܨ	 		[௝ሻݒ஺௅ሺܨ	,௜ሻݒ஺௅ሺܨ]	max	ൌ	௝ሻݒ

,௜ݒ஻௎ሺܨ 		[௝ሻݒ஺௎ሺܨ	,௜ሻݒ஺௎ሺܨ]	max	ൌ	௝ሻݒ

for	all	ݒ௜, ௝ݒ ∈	V.	Then	G	is	self	complementary.	

Proof.	Let	G=	(A,	B)	be	a	strong	interval	valued	neutrosophic	graph	such	that		

஻ܶ௅ሺݒ௜, ]	min	ൌ	௝ሻݒ ஺ܶ௅ሺݒ௜ሻ,		 ஺ܶ௅ሺݒ௝ሻ]	

஻ܶ௎ሺݒ௜, ]	min	ൌ	௝ሻݒ ஺ܶ௎ሺݒ௜ሻ,		 ஺ܶ௎ሺݒ௝ሻ]	

,௜ݒ஻௅ሺܫ	 		[௝ሻݒ஺௅ሺܫ		,௜ሻݒ஺௅ሺܫ]	max	ൌ	௝ሻݒ

,௜ݒ஻௎ሺܫ 		[௝ሻݒ஺௎ሺܫ		,௜ሻݒ஺௎ሺܫ]	max	ൌ	௝ሻݒ

,௜ݒ஻௅ሺܨ	 		[௝ሻݒ஺௅ሺܨ	,௜ሻݒ஺௅ሺܨ]	max	ൌ	௝ሻݒ

 ସݒ

<[0.2, 0.3],[ 0.2, 0.4],[0.1, 0.2]>

<[0.2, 0.3],[ 0.2, 0.4],[0.2, 0.3]>

 ଷݒ

<[0.3, 0.6],[ 0.2, 0.3],[0.2, 0.3]>

<[
0
.3
, 0
.5
],
[ 
0
.2
, 0
.3
],
[0
.2
, 0
.4
]>
 

<[0.4, 0.6],[ 0.1, 0.2],[0.2, 0.3]> <[0.4, 0.5],[ 0.1, 0.3],[0.1, 0.4]> 

 ଵݒ

<[0.4, 0.6],[ 0.1, 0.3],[0.2, 0.4]>

 ଶݒ

<[
0
.2
, 0
.3
],
[ 
0
.2
, 0
.4
,[
0
.2
, 0
.3
]>
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,௜ݒ஻௎ሺܨ 		[௝ሻݒ஺௎ሺܨ	,௜ሻݒ஺௎ሺܨ]	max	ൌ	௝ሻݒ

For	all	ݒ௜, ௝ݒ ∈	V.	Then	Gൎ	̅ܩ	ഥ under	 the	 identity	map	 I:	V	→V.	Hence	G	 is	 self	

complementary	.	

Proposition 3.27.	 Let	 G	 be	 a	 self	 complementary	 interval	 valued	

neutrosophic	graph.	Then 	

∑ ஻ܶ௅ሺݒ௜, ௝ሻ௩೔ஷ௩ೕݒ 	=	ଵ
ଶ
	∑ min	ሾ ஺ܶ௅ሺݒ௜ሻ, ஺ܶ௅ሺݒ௝ሻሿ௩೔ஷ௩ೕ 	

∑ ஻ܶ௎ሺݒ௜, ௝ሻ௩೔ஷ௩ೕݒ 	=	ଵ
ଶ
	∑ min	ሾ ஺ܶ௎ሺݒ௜ሻ, ஺ܶ௎ሺݒ௝ሻሿ௩೔ஷ௩ೕ 	

∑ ,௜ݒ஻௅ሺܫ ௝ሻ௩೔ஷ௩ೕݒ 	=	ଵ
ଶ
	∑ max	ሾܫ஺௅ሺݒ௜ሻ, ௝ሻሿ௩೔ஷ௩ೕݒ஺௅ሺܫ 	

∑ ,௜ݒ஻௎ሺܫ ௝ሻ௩೔ஷ௩ೕݒ 	=	ଵ
ଶ
	∑ max	ሾܫ஺௎ሺݒ௜ሻ, ௝ሻሿ௩೔ஷ௩ೕݒ஺௎ሺܫ 	

∑ ,௜ݒ஻௅ሺܨ ௝ሻ௩೔ஷ௩ೕݒ 	=	ଵ
ଶ
∑ max	ሾܨ஺௅ሺݒ௜ሻ, ௝ሻሿ௩೔ஷ௩ೕݒ஺௅ሺܨ 	

∑ ,௜ݒ஻௎ሺܨ ௝ሻ௩೔ஷ௩ೕݒ 	=	ଵ
ଶ
∑ max	ሾܨ஺௎ሺݒ௜ሻ, ௝ሻሿ௩೔ஷ௩ೕݒ஺௎ሺܨ 	

Proof	

If	G	be	a	self	complementary	interval	valued	neutrosophic	graph.	Then	there	

exist	an	isomorphism		f:	 ଵܸ → ଵܸ	satisfying			

௏ܶభ
തതതത(݂ሺݒ௜ሻሻ ൌ ௏ܶభሺ݂ሺݒ௜ሻሻ		ൌ 	 ௏ܶభሺݒ௜ሻ	

௜ሻሻݒ௏భതതത(݂ሺܫ ൌ ൌ		௜ሻሻݒ௏భሺ݂ሺܫ 	 	௜ሻݒ௏భሺܫ

௏భതതതതܨ
തതതത(݂ሺݒ௜ሻሻ ൌ ൌ		௜ሻሻݒ௏భሺ݂ሺܨ ௜ݒ	all	for			௜ሻݒ௏భሺܨ	 ∈	 ଵܸ.	And		

ாܶభ
തതതത(݂ሺݒ௜ሻ,	݂ሺݒ௝ሻ)	= ாܶభ(݂ሺݒ௜ሻ,	݂ሺݒ௝ሻ)	= ாܶభ(ݒ௜, 	(௝ݒ

,௜ݒ)ாభܫ=	(௝ሻݒ݂ሺ	௜ሻ,ݒሺ݂)ாభܫ=	(௝ሻݒ݂ሺ	௜ሻ,ݒሺ݂)ாభതതതതܫ 	(௝ݒ

,௜ݒ)ாభܨ=	(௝ሻݒ݂ሺ	௜ሻ,ݒሺ݂)ாభܨ=	(௝ሻݒ݂ሺ	௜ሻ,ݒሺ݂)ாభതതതതܨ	 ,௜ݒሺ	all	for		௝)ݒ ௝ሻݒ 	ଵܧ	∋

We	have		

ாܶభ
തതതത(݂ሺݒ௜ሻ,	݂ሺݒ௝ሻ)	=	min	ሾ ௏ܶభ

തതതതሺ݂ሺݒ௜ሻሻ, ௏ܶభ
തതതതሺ݂ሺݒ௝ሻሻሿ െ	 ாܶభ(݂ሺݒ௜ሻ,	݂ሺݒ௝ሻ)	
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i.e,		 ாܶభ(ݒ௜, ሾ	min	=	௝)ݒ ௏ܶభሺݒ௜ሻ, ௏ܶభሺݒ௝ሻሿ െ	 ாܶభ(݂ሺݒ௜ሻ,	݂ሺݒ௝ሻ)	

ாܶభ(ݒ௜, ሾ	min	=	௝)ݒ ௏ܶభሺݒ௜ሻ, ௏ܶభሺݒ௝ሻሿ െ	 ாܶభ(ݒ௜, 	(௝ݒ

That	is	

∑ ாܶభሺݒ௜, ௝ሻ௩೔ஷ௩ೕݒ 	+∑ ாܶభሺݒ௜, ௝ሻ௩೔ஷ௩ೕݒ =	∑ min	ሾ ௏ܶభሺݒ௜ሻ, ௏ܶభሺݒ௝ሻሿ௩೔ஷ௩ೕ 	

∑ ,௜ݒாభሺܫ ௝ሻ௩೔ஷ௩ೕݒ 	+∑ ,௜ݒாభሺܫ ௝ሻ௩೔ஷ௩ೕݒ =	∑ max	ሾܫ௏భሺݒ௜ሻ, ௝ሻሿ௩೔ஷ௩ೕݒ௏భሺܫ 	

∑ ,௜ݒாభሺܨ ௝ሻ௩೔ஷ௩ೕݒ 	+∑ ,௜ݒாభሺܨ ௝ሻ௩೔ஷ௩ೕݒ =	∑ max	ሾܨ௏భሺݒ௜ሻ, ௝ሻሿ௩೔ஷ௩ೕݒ௏భሺܨ 	

2 ∑ ாܶభሺݒ௜, ௝ሻ௩೔ஷ௩ೕݒ 	=		∑ min	ሾ ௏ܶభሺݒ௜ሻ, ௏ܶభሺݒ௝ሻሿ௩೔ஷ௩ೕ 	

2	∑ ,௜ݒாభሺܫ ௝ሻ௩೔ஷ௩ೕݒ 	=		∑ max	ሾܫ௏భሺݒ௜ሻ, ௝ሻሿ௩೔ஷ௩ೕݒ௏భሺܫ 	

2∑ ,௜ݒாభሺܨ ௝ሻ௩೔ஷ௩ೕݒ 	=		∑ max	ሾܨ௏భሺݒ௜ሻ, ௝ሻሿ௩೔ஷ௩ೕݒ௏భሺܨ 	

	

From	these	equations,	Proposition	3.27	holds		

Proposition 3.28.	 Let	ܩଵ	and	ܩଶ	be	 strong	 interval	 valued	 neutrosophic	

graph,	ܩଵതതത	ൎ	ܩଶതതത	(isomorphism)	

Proof.	 Assume	 that	ܩଵ	and	ܩଶ	are	 isomorphic,	 there	 exist	 a	 bijective	 map		

f:	 ଵܸ → ଶܸ	satisfying			

	 ௏ܶభ(ݒ௜)	= ௏ܶమ(݂ሺݒ௜ሻ),		

	,(௜ሻݒሺ݂)௏మܫ=	(௜ݒ)௏భܫ	

௜ݒ	all	for				(௜ሻݒሺ݂)௏మܨ=	(௜ݒ)௏భܨ	 ∈	 ଵܸ.	And		

ாܶభ(ݒ௜, =	(௝ݒ ாܶమ(݂ሺݒ௜ሻ,	݂ሺݒ௝ሻ),	

,௜ݒ)ாభܫ	 	,(௝ሻݒ݂ሺ	௜ሻ,ݒሺ݂)ாమܫ=	(௝ݒ

,௜ݒ)ாభܨ	 ,௜ݒሺ	all	for		(௝ሻݒ݂ሺ	௜ሻ,ݒሺ݂)ாమܨ	=	(௝ݒ ௝ሻݒ 	ଵܧ	∋

By	definition	3.21,	we	have		

ாܶభ
തതതത(ݒ௜, ]	min	௝ሻ=ݒ ௏ܶభሺݒ௜ሻ,	 ௏ܶభሺݒ௝ሻ]	െ ாܶభ(ݒ௜, 	(௝ݒ
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															=	min	[ ௏ܶమ(݂ሺݒ௜ሻ),		 ௏ܶమ(݂ሺݒ௝ሻ)]	െ ாܶమ(݂ሺݒ௜ሻ,	݂ሺݒ௝ሻ),	

														= ாܶమ
തതതത(݂ሺݒ௜ሻ,	݂ሺݒ௝ሻ),	

,௜ݒ)ாభതതതതܫ		 ,௜ݒ)ாభܫെ	[௝ሻݒ௏భሺܫ		,௜ሻݒ௏భሺܫ]	max	௝ሻ=ݒ 	(௝ݒ

															=	max[ܫ௏మ(݂ሺݒ௜ሻ),	ܫ௏మ(݂ሺݒ௝ሻ)]	െܫாమ(݂ሺݒ௜ሻ,	݂ሺݒ௝ሻ),	

	,(௝ሻݒ݂ሺ	௜ሻ,ݒሺ݂)ாమതതതതܫ=														

,௜ݒ)ாభതതതതܨ ,௜ݒ)ாభܨെ	[௝ሻݒ௏భሺܨ	,௜ሻݒ௏భሺܨ]	min	௝ሻ=ݒ 	(௝ݒ

															=	min	[ܨ௏మ(݂ሺݒ௜ሻ),	ܨ௏మ(݂ሺݒ௝ሻ)]	െܨாమ(݂ሺݒ௜ሻ,	݂ሺݒ௝ሻ), 	

	,(௝ሻݒ݂ሺ	௜ሻ,ݒሺ݂)ாమതതതതܨ=														

For	all	ሺݒ௜, ௝ሻݒ 	.straightforward	is		converse	The	ଶതതത.ܩ	ൎ	ଵതതതܩ	Hence	ଵ.ܧ	∋

4. Complete Interval Valued Neutrosophic Graphs 

Definition 4.1.	 	An	 interval	valued	neutrosophic	graph	G=	 (A,	B)	 is	 called	

complete		if			

஻ܶ௅(ݒ௜, )min	=	௝ሻݒ ஺ܶ௅ሺݒ௜),	 ஺ܶ௅ሺݒ௝)),	 ஻ܶ௎(ݒ௜, )min	=	௝ሻݒ ஺ܶ௎ሺݒ௜),	 ஺ܶ௎ሺݒ௝)),	

,௜ݒ)஻௅ܫ	 ,௜ݒ)஻௎ܫ			,((௝ݒ஺ሺܫ	,(௜ݒ஺ሺܫ)max	=	௝ሻݒ 	and	௝)),ݒ஺௎ሺܫ	,(௜ݒ஺௎ሺܫ)max	=	௝ሻݒ

,௜ݒ)஻௅ܨ 	=	௝ሻݒ max(ܨ஺ሺݒ௜),	ܨ஺ሺݒ௝)),		ܨ஻௎(ݒ௜, 	=	௝ሻݒ max(ܨ஺௎ሺݒ௜),	ܨ஺௎ሺݒ௝)),	 for	 all	

,௜ݒ ௝ݒ ∈	V.	

Example 4.2.	 Consider	 a	 graph	ܩ∗	=	 (V,	 E)	 such	 that	 V	 ={vଵ,	vଶ,	vଷ,	vସ},	

E={vଵvଶ,	vଵvଷ	,	vଶvଷ,	vଵvସ,	vଷvସ	,	vଶvସ}.	Then	 	G=	(A,	B)	 is	a	complete	 interval	

valued		neutrosophic	graph	of	ܩ∗.	
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				Figure17:	Complete	interval	valued	neutrosophic	graph	

Definition 4.3.	 The	 complement	 of	 a	 complete	 interval	 valued	

neutrosophic	 graph	 G	 =(A,	 B)	 of	 	 	=∗ܩ	 (V,	 E)	 is	 an	 interval	 valued	

neutrosophic	complete	graph	̅ܩ=	(̅,ܣ	ܤത)	on	ܩ∗=	(ܸ,	ܧത)		where	

1.	 തܸ 	=V	

2.	 ஺ܶ௅തതതത(ݒ௜ሻ=	 ஺ܶ௅ሺݒ௜ሻ,	 ஺ܶ௎തതതതത(ݒ௜ሻ=	 ஺ܶ௎ሺݒ௜ሻ,	ܫ஺௅തതതത(ݒ௜ሻ=	ܫ஺௅ሺݒ௜ሻ,	ܫ஺௎തതതത(ݒ௜ሻ=	ܫ஺௎ሺݒ௜ሻ,	

௝ݒ	all	for	௜ሻ,ݒ஺௎ሺܨ	=	௜ሻݒ)஺௎തതതതതܨ	,௜ሻݒ஺௅ሺܨ	=	௜ሻݒ)஺௅തതതതܨ	 ∈	V.	

3.	 ஻ܶ௅തതതത(ݒ௜, ൣ	min	௝ሻ=ݒ ஺ܶ௅ሺݒ௜ሻ, ஺ܶ௅൫ݒ௝൯൧ 	െ ஻ܶ௅൫ݒ௜, 	,௝൯ݒ

	 ஻ܶ௎തതതതത(ݒ௜, ൣ	min	௝ሻ=ݒ ஺ܶ௎ሺݒ௜ሻ, ஺ܶ௎൫ݒ௝൯൧ 	െ ஻ܶ௎൫ݒ௜, 	,௝൯ݒ

,௜ݒ)஻௅തതതതܫ ,௜ሻݒ஺௅ሺܫൣ	max	௝ሻ=ݒ ௝൯൧ݒ஺௅൫ܫ 		െ ,௜ݒ஻௅൫ܫ 	,௝൯ݒ

,௜ݒ)஻௎തതതതܫ	 ,௜ሻݒ஺௎ሺܫൣ	max	௝ሻ=ݒ ,௜ݒ஻௎൫ܫ	െ	௝൯൧ݒ஺௎൫ܫ 	and		௝൯,ݒ

,௜ݒ)஻௅തതതതതܨ ,௜ሻݒ஺௅ሺܨൣ	max	௝ሻ=ݒ ௝൯൧ݒ஺௅൫ܨ 		െ ,௜ݒ஻௅൫ܨ 	,௝൯ݒ

,௜ݒ)஻௎തതതതതܨ	 ,௜ሻݒ஺௎ሺܨൣ	max	௝ሻ=ݒ ௝൯൧ݒ஺௎൫ܨ 		െ ,௜ݒ஻௎൫ܨ ,௜ݒሺ	all	for	௝൯,ݒ ௝ሻݒ ∈	E.	

Proposition 4.4: The	complement	of	complete	IVN‐graph	is	a	IVN‐graph	

with	no	edge.	Or	if	G	is	a	complete	then	in	̅ܩ	the	edge	is	empty. 

Proof	

Let	G=	(A,	B)	be	a	complete	IVN‐graph.	

<[0.2, 0.3],[ 0.2, 0.4],[0.1, 0.4]>

 ସݑ

<[0.2, 0.3],[ 0.2, 0.4],[0.1, 0.2]>

<[0.2, 0.6],[ 0.2, 0.3],[0.2, 0.3]>

 ଷݑ

<[0.3, 0.6],[ 0.2, 0.3],[0.2, 0.3]>

<[
0
.3
, 0
.5
],
[ 
0
.2
, 0
.3
],
[0
.2
, 0
.4
]>
 

<[0.4, 0.6],[ 0.1, 0.2],[0.2, 0.3]> <[0.4, 0.5],[ 0.1, 0.3],[0.1, 0.4]> 

 ଵݑ

<[0.4, 0.5],[ 0.1, 0.3],[0.2, 0.4]>

 ଶݑ

<[
0
.2
, 0
.3
],
[ 
0
.2
, 0
.4
,[
0
.2
, 0
.3
]>
 

<[0.2, 0.3],[ 0.2, 0.4],[0.2, 0.3]>
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So			 ஻ܶ௅(ݒ௜, )min	=	௝ሻݒ ஺ܶ௅ሺݒ௜ሻ,	 ஺ܶ௅ሺݒ௝ሻ),	 ஻ܶ௎(ݒ௜, )min	=	௝ሻݒ ஺ܶ௎ሺݒ௜ሻ,	 ஺ܶ௎ሺݒ௝ሻ),		

,௜ݒ)஻௅ܫ	 ,௜ݒ)஻௎ܫ	,(௝ሻݒ஺௅ሺܫ	,௜ሻݒ஺௅ሺܫ)	max	=	௝ሻݒ 	and		(௝ሻݒ஺௎ሺܫ	,௜ሻݒ஺௎ሺܫ)	max	=	௝ሻݒ

,௜ݒ)஻௅ܨ ,௜ݒ)஻௎ܨ	,(௝ሻݒ஺௅ሺܨ	,௜ሻݒ஺௅ሺܨ)	max	=	௝ሻݒ 	all	for	,(௝ሻݒ஺௎ሺܨ	,௜ሻݒ஺௎ሺܨ)	max	=	௝ሻݒ

,௜ݒ ௝ݒ ∈	V	

Hence	in	̅ܩ,	

	 തܶ஻௅(ݒ௜, minሺ	௝ሻ=ݒ ஺ܶ௅ሺݒ௜ሻ, ஺ܶ௅ሺݒ௝ሻሻ െ	 ஻ܶ௅(ݒ௜, 	j,…..,n	i,	all	for		௝ሻݒ

								=	minሺ ஺ܶ௅ሺݒ௜ሻ, ஺ܶ௅ሺݒ௝ሻሻ	െ	min( ஺ܶ௅ሺݒ௜ሻ,	 ஺ܶ௅ሺݒ௝ሻ)	for	all	i,	j,…..,n	

							=	0						for	all	i,	j,…..,n	

തܶ஻௎(ݒ௜, minሺ	௝ሻ=ݒ ஺ܶ௎ሺݒ௜ሻ, ஺ܶ௎ሺݒ௝ሻሻ െ	 ஻ܶ௎(ݒ௜, 	j,…..,n	i,	all	for		௝ሻݒ

								=	minሺ ஺ܶ௎ሺݒ௜ሻ, ஺ܶ௎ሺݒ௝ሻሻ	െ	min( ஺ܶ௎ሺݒ௜ሻ,	 ஺ܶ௎ሺݒ௝ሻ)	for	all	i,	j,…..,n	

							=	0						for	all	i,	j,…..,n.	

and	

,௜ݒ)஻̅௅ܫ	 ,௜ሻݒ஺௅ሺܫmaxሺ	௝ሻ=ݒ ௝ሻሻݒ஺௅ሺܫ െ	ܫ஻௅(ݒ௜, 	j,…..,n	i,	all	for		௝ሻݒ

								=	maxሺܫ஺௅ሺݒ௜ሻ, 	j,…..,n	i,	all	for	(௝ሻݒ஺௅ሺܫ	,௜ሻݒ஺௅ሺܫ)max	െ	௝ሻሻݒ஺௅ሺܫ

							=	0						for	all	i,	j,…..,n	

,௜ݒ)஻̅௎ܫ ,௜ሻݒ஺௎ሺܫmaxሺ	௝ሻ=ݒ ௝ሻሻݒ஺௎ሺܫ െ	ܫ஻௎(ݒ௜, 	j,…..,n	i,	all	for		௝ሻݒ

								=	maxሺܫ஺௎ሺݒ௜ሻ, 	j,…..,n	i,	all	for	(௝ሻݒ஺௎ሺܫ	,௜ሻݒ஺௎ሺܫ)max	െ	௝ሻሻݒ஺௎ሺܫ

							=	0						for	all	i,	j,…..,n	

Also	

,௜ݒ)ത஻௅ܨ	 ,௜ሻݒ஺௅ሺܨmaxሺ	௝ሻ=ݒ ௝ሻሻݒ஺௅ሺܨ െ	ܨ஻௅(ݒ௜, 	j,…..,n	i,	all	for		௝ሻݒ

								=	maxሺܨ஺௅ሺݒ௜ሻ, 	j,…..,n	i,	all	for	(௝ሻݒ஺௅ሺܨ	,௜ሻݒ஺௅ሺܨ)max	െ	௝ሻሻݒ஺௅ሺܫ

							=	0						for	all	i,	j,…..,n	

,௜ݒ)ത஻௎ܨ ,௜ሻݒ஺௎ሺܨmaxሺ	௝ሻ=ݒ ௝ሻሻݒ஺௎ሺܨ െ	ܨ஻௎(ݒ௜, 	j,…..,n	i,	all	for		௝ሻݒ

								=	maxሺܨ஺௎ሺݒ௜ሻ, 	j,…..,n	i,	all	for	(௝ሻݒ஺௎ሺܨ	,௜ሻݒ஺௎ሺܨ)max	െ	௝ሻሻݒ஺௎ሺܨ
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							=	0						for	all	i,	j,…..,n	

Thus	([	 തܶ஻௅(ݒ௜, 	,௝ሻݒ തܶ஻௎(ݒ௜, ,௜ݒ)஻̅௅ܫ	]		,[௝ሻݒ ,௜ݒ)஻̅௎ܫ	,௝ሻݒ 		,[௝ሻݒ

ሾ	ܨത஻௅ሺݒ௜, ,௝ሻݒ ,௜ݒത஻௎ሺܨ 	=	௝ሻሿሻݒ

							=	([0,	0],	[0,	0],	[0,	0]).	

Hence,	the	edge	set	of	̅ܩ	is	empty	if	G	is	a	complete	IVN‐graph.	

5.Conclusion	 Interval	 valued	 neutrosophic	 sets	 is	 a	 generalization	 of	 the	

notion	 of	 fuzzy	 sets,	 intuitionistic	 fuzzy	 sets,	 interval	 valued	 fuzzy	 sets,	

interval	 valued	 intuitionstic	 fuzzy	 sets	 and	 single	 valued	neutrosophic	 sets.	

Interval	 valued	 neutrosophic	 models	 gives	 more	 precisions,	 flexibility	 and	

compatibility	to	the	system	as	compared	to	the	classical,	fuzzy,	intuitionistic	

fuzzy	and	single	valued	neutrosophic	models.	In	this	paper,	we	have	defined,	

for	the	first	time,	certain	types	of		interval	valued	neutrosophic	graphs,	such	

as	 	 strong	 interval	 valued	 neutrosophic	 graph,	 constant	 interval	 valued	

neutrosophic	 graph	 and	 complete	 interval	 valued	 neutrosophic	 graphs.	 In	

future	 study,	 we	 plan	 to	 extend	 our	 research	 to	 regular	 interval	 valued	

neutrosophic	graphs	and	irregular	interval	valued	neutrosophic.	
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