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Introduction

After Euler was presented with the impression of Konigs-
berg bridge problem, Graph Theory has become rec-
ognized in different academic fields like engineering,
social science in medical science, and natural science.
A few operations of graphs like line graph, wiener index
of graph, cluster and corona operations of graph, total
graph, semi-total line and edge join of graphs have been
valuable in graph theory and chemical graph theory to
consider the properties of boiling point, heat of evapo-
ration, surface tension, vapor pressure, total electron
energy of polymers , partition coefficients, ultrasonic
sound velocity and internal energy [1-4]. The degree
sequence of a graph and algebraic structure of different
graphs operations were determined and its result is to the
join and corona products of any number of graphs [5].
These operations are not only in classical graphs, they are
more useful in fuzzy and generalizations of fuzzy graphs.
The real-world problems are often full of uncertainty and
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impreciseness, Zadeh introduced fuzzy sets and mem-
bership degree [6]. Based on Zedeh’s work, Kaufman
introduced the notion of fuzzy relations [7]. Then, Rosen-
feld [8] followed the Kaufman work and he introduced
fuzzy graphs.

Later, Atanassov witnessed that many problems with
uncertainty and imprecision were not handled by fuzzy
sets(FS) [9]. Then considering this, he added the false-
hood degree to membership degree and presented intui-
tionistic fuzzy sets(IFS) with relations and IFG which
is a generalization of FS and their applications [9-11].
In 1993, Mordeson examined the idea of fuzzy line
graphs(FLG) for the first time by proofing both sufficient
and necessary conditions for FLG to be bijective homo-
morphism to its FG. And also some theorems and propo-
sitions are developed [12].

In 2011 IVFG and its properties were discussed by
Akram and Dudek [13]. After that, Akram innovated
IVFLG [14]. Afterward, Akram and Davvaz introduced
ideas of intuitionistic fuzzy line graphs(IFLG)[15]. More-
over, IFLG and its properties are investigated in [16].

As far as, there exists no research work on the IVI-
FLG until now. So that, we put forward a new idea and
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definitions of IVIFLG. The novelty of our works are given
as follows: (1) IVIFLG is presented and depicted with an
example, (2) many propositions and Theorems on prop-
erties of IVIFLG is developed and proved, (3) further,
interval-valued intuitionistic weak vertex homomor-
phism and interval-valued intuitionistic weak line iso-
morphism are proposed. For the notations not declared
in this manuscript, to understand well we recommend
the readers to refer [10, 12, 14, 18, 19].

Main text

We start the section with basic definitions related to IVI-
FLG. So that, the definitions [1-12] are the well-known
definitions used to discuss the main result of this work.

Definition 1 [17] The graph of the form G = (V, E) is
an intuitionistic fuzzy graph (IFG) such that

(i) o1,y1:V — [0,1] are membership and nonmem-
bership value of vertex set of G respectively and
0<o1(v)+n) <1VveV,

(i) 09,92 :V xV —[0,1] are and
nonmembership  with oy (vij) <o1(m) Aoy(vp) and
o) <) Vvyi(v) and 0=<oa(vy) +
(VL'V]') <1, VVl'Vj eE.

membership

Definition 2
defined as

[20] The line graph L(G) of graph G is

i. Every vertex in L(G) corresponds to an edge in G,

ii. Pair of nodes in L(G) are adjacent ift their corre-
spondence edges e;, ¢; € G have a common vertex
veaQa.

Definition 3 For G = (V,E) is a graph with |[V|==#
and S; = {v;,e;,- - ,eip} where 1 <i<n1<j<p;and
e;j € E has v; as a vertex. Then (S, 7) is called intersec-
tion graph where S = {S;} is the vertex set of (S, T) and
T ={S;51S;,S5€ 8,85 NS ¢ 0,i¢j} is an edge set of
(S, T).

Remark The given simple graph G and its intersection
graph (S, T) are isomorphic to each other(G = (S, T)).

Definition 4 [14] The line(edge) graph L(G) = (H,])
is where H = {{e} U {ue,ve} e € E tte, Ve € V, € = UeVe}
and 7 =(S.S: e.f €Ee¢f,S.nS ¢ ¢} with S, = {e} U {ue,
Ve,e € E}.

Definition 5 [16] Let I = (A;1,By) is an IFG with
A1 = (04,,v4,) and By = (op,,yp,) be IFS on V and E
respectively. Then (S, T) = (A2, By) is an intuitionistic
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fuzzy intersection graph of I whose membership and
nonmembership functions are defined as

(1) 04,(Si) = 04, (Vi)

Va4, (Si) = va, (vi),VS; €S

(ii) 0B,(S:S)) = o, (viv)),

VB, (SiSj) = vB, (vivj), V§;S; € T.
where Aj = (04,,V4,), B2 = (oB,,¥,) on S and T
respectively.
So, IFG of the intersection graph (S, T) is isomorphic to I(
means, (S,T) =1).

Definition 6 Consider L(I*) = (H,]) be line graph
of I* =(V,E). Let I =(A1,B1) be IFG of I* with
A1 = (04,,Y4,) and By = (oB,,yB,) be IFS on X and E
receptively. Then we define the intuitionistic fuzzy line
graph L(I) = (A2, By)of L as

(1) 04,(Se) = 0B, () = oB, (UeVe),

YA, (Se) = v, (€) = yB, (ueve), for all S, Se € H

(i) 0B, (SeSy) = o, (e) A op, (f)

VB, (Sesf) =VB (e) v VZ: 1 (f)’ VSeSf €.
where Ay = (04,,v4,) and By = (oB,, ¥B,) are IFS on H
and ] respectively.
The L(I) = (Ag, Bp) of IFG L is always IFG.

Definition 7 [16] Let I; = (A1,B1) and Iy = (A3, By) be
two IFGs. The homomorphism of ¥ : I; — I, is mapping
¥ Vi — Vjsuch that

1) oa,(v) <o, (W),  va, (i) < va, ()
(i) o, (vi,vj) < 0B, (W (V)Y (v))),
v, Vi, vj) < ¥, (W (i)Y (v))) Yvi € V1, viv; € E.

Definition 8
ized by

[13] The interval valued FS A is character-

A= {vi,loy vi),of W) : vi € X}

Here, o, (v;) and oj(v,') are lower and upper inter-
val of fuzzy subsets A of X respectively, such that
oy (V) <of )V e V.

For simplicity, we used IVES for interval valued fuzzy
set.

Definition 9 Let A= {[o, (v),0f(¥)]:veX} be
IVES. Then, the graph G* = (V, E) is called IVFG if the
following conditions are satisfied;

og (viv)) < (04 (vi)) Aoy (V)

og viv) <af () Ao )
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Vvi,vjeV, VvwvjeE and where A= [O’X,UX],
B =[og, a; 1is IVES on V and E respectively.

Definition 10 Let G = (A;, By) be simple IVFG. Then
we define IVF intersection graph (S,7T) = (A2,B2) as
follows:

1 Agand Bjare IFS of S and T respectively,

2 0, (S) =04 (vi) and o) (S) =0, (v),¥5, S5 €S
and

3 GB_Z(S,‘SI') = (IB_1 ivj),
g, (SiS) = o5 (viv)), VSiSjeT.

Remark The given IVFG G and its intersection graph
(S, T) are always isomorphic to each other.

Definition 11 [14] An interval valued fuzzy line
graph(IVELG) L(G) = (A2, By) of IVEG G = (A1, By) is
defined as follows:

+ Aj and By are IVFES of H and ] respectively, where
L(G*) = (H,))

. “ﬁ__z (Si) = op,(e) = o (ueVe),
o, (Si) = o, (e) = op (ueve),

o 0p,(SeSr) = op (e) Aog (f),
Ug;(SeSf) = ”l; (e) A O'g; 2] for all Se,Sf € H, SeSf e]J.

Definition 12 A graph I = (A, B) with underlying fuzzy
set Vis IVIFG if

(i) The map o4,ya:V — [0,1] Where o) = [o; ), 0} )]
and  y,(v) = [y; ), v ()] denote a membership
degree and non membership degree of ver-
tex v; € V, receptively such that o;w) <o)
i <vionand 0 <o (v) + v () <1Vv €V,

(i1)

The map o,y : V x V C E — [0, 1] where op(vivj) =
log vivp), o5 )] and  yawimy) = vy i), v i)
such that

og (viv)) <o, (vi) Aoy (v))
op viv) < of () Ao ()
vg Vivj)) < vy (Vi) Vv, (v)

i 401, +01,.
vg Vivj)) < v (Vi) Vv, (v)

where 0 < ag (vivj)) + yg(wvj) <landVvyv; € E.
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Now we start the main results of this work by intro-
ducing Interval-valued Intuitionistic Fuzzy Line Graph
(IVIFLG) and providing examples.

Definition 13 An interval valued intuitionistic fuzzy
line graphs(in short, IVIFLG) L(I) = (H,]) of IVIFG
I = (A1,B;) is denoted by L(I) = (A3, By) and whose
functions of membership and non membership defined
as

(i) Az and B are IVIFS of H and ] respectively, such
that

OAE (Se) = 0371 (e) = 0371 (teve)

0 (Se) =og (e) = o (ueve)

Va,(Se) =vj, (€) = vy (ueve)

Va,(Se) =vg,(€) = yg (ueve) VSe€H.
(i) The edge set of L(I) is

UB_Z(Sesf) = op,(e) Nog, 3

o5, (SeSp) = og (€) Aoy (f)
VB, (SeSp) = 0g,(&) V vp, (f)

Vg, (SeSp) = vz, (@) V vg,(f)
for all, SeSy €.

Example 14

Given IVIFG I = (A1, A2) as shown in Fig. 1.

(110.3,0.6],[0.1,0.4])  w2([0.2,0.7],[0.1, 0.2])

([0.2,0.5],[0.1,0.3])

([0.2,0.4],[0.2,0.3])
([FroeollzoTol)

([0.1,0.1],[0.3,0.4])
v3([0.1,0.3], (0.4, 0.5))

Fig.1 IVIFG |
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From the given IVIFG we have

o4, (1) = oy, (1), 04, ()] = [0.3,0.6]
o4, (n2) = [, (v2), 04, (v2)] =[0.2,0.7]
o4, (v3) = [0, (v3), 04, (v3)] =[0.1,03]

o4, (va) = [0, (va), 0 (v4)] = [0.3,0.4]

ya;, (V1) = [yg, 1), v4, (vD)] = [0.1,04]
va;, (v2) = [y, (v2), 74, (v2)] = [0.1,0.2]
va; (v3) = [y, (v3), 74, (v3)] = [0.4,0.5]
va (va) = vy, (va), v, (va)] = [0.4,0.5]

g, (V1v2) = [og, (V1v2), 05, (V1v2)] = [0.2,0.5]
o, (va2v3) = [0, (v2v3), 05, (vav3)] = [0.1,0.2]
o, (v3va) = [0, (v3va), 05, (v3va)] = [0.1,0.1]

o, (vav1) = [0, (vav1), o, (vav1)] = [0.2,0.4]

vB, (V1v2) = [y, (V1v2), v, (1v2)] = [0.1,0.3]
vB, (vav3) = [y, (v2v3), v5, (v2v3)] = [0.3,0.4]
v, (vava) = [y, (vava), v, (v3va)] = [0.3,0.4]
vB, (vav1) = [y, (vav1), v, (vav1)] = [0.2,0.3]

To find IVIFLG L(I) = (H,]) of I such that

H = {v1vy = S¢;, vaV3 = S¢y, V3V4 = Sey, Vav1 = Se, } and
J= {56156275625637 5823564? 564561}'

Now, consider Ay = [GA;,JXZ] and By = [oB;,ol;;] are
IVES of H and ] respectively. Then we have

((0.2,0.5],[0.1,0.3))S.,

(02,04, [02,0.3])5,. S.,([0.1,0.2],0.3,0.4))

S, ([0.1,0.1],[0.3,0.4])

Fig.2 IVIFLG of |
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04,(Sey) = [0, (e1), 07 (e1)] = [0.2,0.5]
04,(Sey) = [0, (e2), 07 (e2)] = [0.1,0.2]
04,(Se) = [0, (e3), 07 (e3)] = [0.1,0.1]
04,(Se,) = [05, (e4), 07 (ea)] = [0.2,0.4]

¥4, (Sey) = [y, (e1), 5 (en)] = [0.1,0.3]
¥4, (Sey) = [y, (€2), 5 (e2)] = [03,04]
VazSes) = [y, (e3), v5 (e3)] = [0.3,0.4]
Y45 (Sey) = [y (ea), v (e2)] = [02,03]

08, (Se, Sey) = [0, (e1) A 0, (e2), 07 (e1) A 0 (e2)] = [0.1,0.2]
08, (Se;Se) = [0, (e2) A 0 (e3), 07 (€2) A 0 (e3)] = [0.1,0.1]
08, (Se;Ses) = [05, (e3) A 0 (ea), 03 (e3) A 0 (ea)] = [0.1,0.1]

08, (Se;Se) = [05, (ea) A 0 (e1), 07, (ea) A 0 (e1)] = [0.2,0.4]

VB, (Sey Sex) = [y, (1) V v, (€2), v, (e1) V ¥4, (2)] = [0.3,0.4]
VB, (SeySes) = [y, (€2) V v, (€3), v, (€2) V ¥4, (e3)] = [0.3,0.4]
VB, (SesSes) = v, (€3) V v, (ea), v (€3) V v, (ea)] =1[0.3,0.4]
VB, (SesSes) = [v5, (€a) V 5, (€1), v (ea) V ¥ (e1)] = 0.2,0.3]

Then L(I) of IVIFG I is shown in Fig. 2.

Proposition 15 L(I) = (A3, By) is IVIFLG correspond-
ing to IVIFG I = (A1, By).

Definition 16 A homomorphism map-
ping ¥ :I; - I of two IVIFG I; = (M;,N1) and
I, = (M3, Ny), ¥ : Vi — V3 is defined as

M
041, (Vi) < 03, (Y ()
oar (Vi) < oa (U ()
Var, Vi) < Vo, W (V)
Var, Vi) < vap, (U (V)
for all v; € V7.

(ii)

oy, (Vivj) < op, (W ()Y (v))
on, viv) < op (W)Y ()
Ya, Wiv) < v, (W (v (v))
Ya iv) < v (W) () forall vy € Ey.
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Definition 17 A bijective homomorphism ¢ : [} — I,
of IVIFG is said to be a weak vertex isomorphism, if

oan, (Vi) = lopy, (vi), o3y (V)]
= [0, W (), 07, (Y (vi))]
v () = [yng, ), v, ()]
= lyn, ), YN, ()] Vi € V1.

A bijective homomorphism v : [; — I of IVIFG is said
to be a weak line isomorphism if

op, (vivj) = log, (viv)), o5, (Viv))]
= [og, W )Y (v)), o5, (W V)Y ()],
e, viv) = lyg, vivy), vg, (vivp)]
= vz, W DY ), v, (W V)Y ()]

Vviv; € E1.

If  : I} — I is a bijetctive homomorphism and satis-
fies Definition 17, v is said to be a weak isomorphism of
IVIFGs I; and I>.

Proposition 18 The IVIFLG L(I) is connected iff IVFG I
is connected graph.

Proof

Suppose L(I) be connected IVIFLG of I. We need to show
that necessary condition. Consider 1 is disconnected
IVIFG. Then there exist at least two nodes of I which are
not linked by path, say v; and v;. If we take one edge e in
the first component of the edge set of I, then it does not
have any edges adjacent to e in other components. Then

Page 5 of 9

the IVIFLG of 1 is disconnected and contradicts. Therefore,
I is connected.

Conversely, suppose that I is connected IVIFG. Then,
there is a path among every pair of nodes. Thus by IVI-
FLG definition, edges which are adjacent in I are adjacent
nodes in IVIFLG. Therefore, each pair of nodes in IVI-
FLG of I are connected by a path. Hence the proof. ]

Proposition 19  The IVIFLG of IVIFG K, is K,, which is
complete IVIFG with n nodes.

Proof

For IVIFG Ky, let us takev € V (K1,,) which is adjacent to
every u; € V(Ky,,) wherei = 1,2, - ,n. Implies that v is
adjacent with every u;. Thus, in IVIFLG of K1 5, all the ver-
tices are adjacent. This implies that it is complete. Hence
the proof. ]

Example 20
Consider the IVIFG Ki3 whith vertex sets of
V = {v,v1, v, v3} and edge sets E = {vv1, vva, vv3} where

v = ([0.3,0.5],[0.1,0.4]), v; = ([0.3,0.4],[0.2,0.5])
va = ([0.5,0.8],[0.1, 0.2]), v5 = ([0.1,0.3], [0.5,0.7])
e1 = vy = ([0.2,0.3],[0.3,0.5]),

ey = vy = ([0.2,0.5],[0.0,0.3])

e3 = vv3 = ([0.1,0.2],[0.3,0.6]).

(%)

€2

v es

U1 U3
Fig. 3 Graphs of Kj3and L(K 3)
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Then by definition of IVIFLG, the vertex sets of L(Kj3)
is V' = {S¢,; Sey» Ses} and {Se; Se,s Se; Sess Sey Ses} edge sets
where

Se, = ([0.2,0.3],[0.3,0.5]),

Se, = ([0.2,0.5],[0.0,0.3]),

e; = ([0.1,0.2],[0.2,0.6]),

Se;Se, = ([0.2,0.3],[0.3,0.5]),

Se, Se; = ([0.2,0.3],[0.3, 0.5])

Se,Se; = ([0.1,0.2],[0.2,0.6]).

Here L(K3,3) is complete graph.K3.

The Fig. 3 depictures the example 20

Proposition 21 Let L(I) be IVIFLG of IVIFG of I. Then
L(I*) is a line graph of I* where I* = (V, E) with underly-
ingset'V.

Proof
Given I = (A1,By) is IVIFG of I* and L(I) =
IVIFLG of L(I*).Then

(A2, Ba) is

04, (Se) = [0, (Se), 0, (Se)] =
YA, (SE) = []/1472 (SE)J ]/A+2 (Se)] =

[og, (e), 05 (e)],

[vs, (e), v, (e)] VeeE.

This implies, S, € H = {{e} U {ue, ve} :
& e = u,v.}ifand only ife € E.

ec E,u,,ve eV

08, (SeSf) = [og, (SeSf)’O'BZ (SeSp)]
= [og, (€) Aag (f), 05, (e) Aog ()]
V8, (SeSy) = [vg, (SeSp)s v, (SeSp)]
=lyg () vV v5 (N v5 (@) V vz (1]
VSeSf €],

where | ={S.S;1S.NSf ¢ W,ef €E & e¢f}. Hence,
L(I*)is aline graph of I*.[J

Proposition 22 Let L(I) = (A3, By) be IVIFLG of L(I*).
Then L(1) is also IVIFLG of some IVIFG I = (A1, By) iff

(i) os, (SeSf) [GBZ (SeSf), (SeSf)]
= [04,(Se) A 04, (8p), 04, Gon o;z(sf)]
(i) ¥Ba (SeSf) [Vg, (Sesf): )/32 (SeSp)]
=3, SV Vi, (S, 74, (S V v (SH1V S, Sp € H, SeSy €.
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Proof

Suppose both conditions (i) and (ii) are satisfied. i.e.,
0'32 (SeSf) = (TA2 (Se) A O'A (Sf); (S Sf) = UA (Se) A O’A Sy
Vi, (SeSp) = ¥4, (Se) V ¥, (Sp) and Vs, (SeSf) = v, (Se) V ¥4, (Sp)
Jor all  S.Sf € W For every ee€ E we deﬁne
crA2 (Se) = GAl (e) 0A2 (Se) = C’A1 (€)s V4, (Se) = v4,(e) and
VA2 (Se) = )/A (e). Then

03, (SeSp) = [05, (SeSp), 07, (SeSp)]
= [0, (Se) A 0z, (Sp), 0, (Se) A o (Sp)]
= o5, (&) Ao, (), 0, () A o, ()],

Ve, (SeSp) = [V, (SeSp), v, (SeSp)]

=¥, (Se) V v, (Sp), y,rz (Se) V 74, ()]
=y, @ Vv, () v (@ Vv vg (O]

We know that IVIFS Ay = ([0, 0, 1, [y, ¥4, 1) yields
the properties

og, (Vivj)) < 0, (Vi) Aoy (v))
o (viv)) < o (vi) Aol (v))
Ve, Vivj) = Va, (Vi) V v, (V)
Ve, Viv) < va, () V 74 ()

will suffice. From definition of IVIFLG the converse of
this statement is well known. (J

Proposition 23 An IVIFLG is always a strong IVIFG.

Proof
It is straightforward from the definition, therefore it is
omitted. O

Proposition 24  Let Iy and I IVIFGs of I} and I respec-
tively. If the mapping W : I} — I is a weak isomorphism,
then : If — I3 is isomorphism map.

Proof

Suppose Y : I} — I is a weak isomorphism. Then
veVi & ¢¥(v)eVy and
uv € E1 & v (w)y(v) € Es.

Hence the proof. [

Theorem 25 Let I* = (V,E) is connected graph and
consider that L(I) = (Ag, By) is IVIFLG corresponding to
IVIFG I = (A1,B1). Then
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1. There is a map W : I — L(I) which is a weak isomor-
phism iff I* a cyclic graph such that

oa,(v) = log, (), 04 (] = [og, (), 05 (e)],

ya, (V) = vy ), v4 W] =y (e),v5 (o)] ,
Vve V,e€E,

where 4, = (o5 0} LIy, vi ) ANd By = (0,04 ) vz Vi, )
2. The map  is isomorphism if ¥ : I — L(I) is a weak
isomorphism.

Proof

Consider  : 1 — L(I) is a weak isomorphism. Then we

have

o4, (vi) = [o4, (vi), 04, ()]

= o, W (), 0, (¥ (V)]
Ve (Vi) = g, V1), v, (vi)]
= lyg, W), 5, (W) VYvieV.
op, (vivj) = log, (viv)), o5, (viv))]
= [OB;(w(Vi)lﬂ(Vj)),0£(¢(Vi)¢(vj))]
ve, vivy) = [y, vivy), vg, vivp)]
= [yg, W DV (v))), )/Bt CAOYAGN
Yviv; € E.

This follows
proposition 24.

that I*=(V,E) is a cyclic from

Now let vivovs---v,v; be a cycle of I* where ver-
tices set V ={vi,vy,---,v,} and edges set
E = {vivo,vyvs, - - - ,v,v1}. Then we have IVIFS
oa,(vi) = log, (vi), o4, W)l = [t , 7]
va, vi) = lyg, v, vi vl = I £
and
v — (o (v:v: + (v —r1— T
0B, (Vivit1) = [(731 (VszJrl)UBl ivirD)]1 = [t 4]
vB, (Vivig1) = [y, (ViVi+1),)/§§ vvirD)] = [g; g1,

where i = 1,2,--- ,nand v,41 = v1. Thus, for f; = Lot
+ ot -~ st
4 =ty =havh =5
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L <t A t;H,
+ oot A gt
P AN Y "
4 <Jfi Vfin

+o_ ot +
q; =f" Vv fifr
Now

H:{Se,':izlyzn"',n}and
J ={8¢Sei; :i=1,2,--- ,n—1}.

And also,

04,(Se;) = Loy, (Ser), o4, (Se)]
= [og, (e1), 04 (e1)]
= [0, (Vivit1), 05, (Vivig1)]
=174

Vs (Se)) = [V, (Se) Vi, (Ser)]
= lyg, (e0), vg, (en)]
= [y, (Vivit1), v, (Vivit1)]
=lg; 4]

05, (Se;Serny) = min{oy (e), 05 (eit1)}

Wlin{UE; (Vivit1), 0;1 (Vit1vit2)}
= min{L;r, Li++1}
0p,(Se;Sei) = minfog (e),0p (€it1)}
= min{og (Viviy1), 0, (Viy1vis2)}
=min{; 1}
Vi, (SeiSeiy1) = max(yg, (€), vg, (ei+1))
= max{yg, (vivit1), Vg, Vi1vit2)}
max(q;,q;; 1)
VB, (Se;Se) = max{yg (e), v, (eit1)}
= max{yg, (Viviy1), v, (Vit1Vit2)}

= max{q; ,q; 1}

— — gt m +
where vi41 = vi, V2 =2, o = bl T b I =
dyy1 =91 andi=1,2,--- ,n

¥ : V. — H is bijective map since ¢ : I* — L(I*) is iso-
morphism. And also, { preserves adjacency. So that
Y persuades an alternative T of {1,2,---,n} which
V) = Sery

and for e; =vviy1 then Y (v)¥(Vit1) = Se, ;) Seqirn)

i=1,2-,n—1
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Now
i =0,,vi) 0, (V) =04, (Sery) = Loy
6 = ) <ol W) = o) Se,) =
fT =) = v, (b)) = v, Se,y) = ey
H=vi ) < v WD) = v Ser) = 4
And lete; = viviq1,
= og (Vivig1) < og, (Y (V)Y (Vig1)
= 0g, (Se,ySeci41))
= min{og (ex()), 0p, (€r(it1))}
= min{t; ;) L)
i =05 (vivig1) < og, W V)Y (vig1)
= 0, (Sery Seris1))
= min{og (e:()),0p, (ex(i+1)))
= min{i o, Uiy}
q; = vg, Vivig1) = vg, W (V)Y (Vig1)
= Vg, (Sery Sevir1))
= max{yg, (ex(i)), Vg, (€x(i+1))}
= Max{qy iy Qe (i)}
4" = vg, ivir1) < v, (W )Y (vig1)
= Vg, (Secy Secisr)
= max(yg, (i), Vg, €r(i+1))

= max{q;"(i),qj'(iﬂ)} fori=1,2,--- ,n.
Which implies,
- = - + -+
L Stay b =g
- - + +
fi Sy ST =4
and

- - + T
g = minf g, bgenb G = min{i g, i)
- - - + + ot
4 =maxiq oy deaynh 4G = Max{dy iy drign -
3)
Thus from the above equations, we obtain
e et o< + ot
b Stapli Sty di <4wq  and ¢ =dqp; and
also tei) = by e = Loy T = Do
qj(l.) =< 47 (r(i))- By proceeding this process, we get

Page 8 of 9
4y Sty <0 = by = L
i< Lj(i) <...< ij(i) <
4G =depy =" = =4
4 <dalp < <dh, <4
where 7f*1 is the identity function. It follows

o P -7 + o+
i = Gy o = Seoy dro = drem 04 46 = ey
Again, from Eq. 3, we get

- — - o+
b Sy Thvr b Sl = b

4 =49y =i 9 = Dot = Digr1-

i =

and qi+ = g+1. Thus, from Egs. 1 and 2 we obtain

This implies for all i=1,2,---,n, ; =, =i,q7 =q;

Gy = =, =t ==t
===t
G = =gy =S ==
af = =q =fi" = =f

O

Hence the proof.

Theorem 26 The IVIFLG of connected simple IVIFG I is
a path graph iff 1 is path graph.

Proof

Consider a path IVIFG I of with |V (I)| = k. This implies
I is Py path graph and |E(I)| = k — 1. Since the edge sets
of I is the vertices set of IVIFLG L(1I), clearly L(I) is a path
graph with number of vertices |V (L)) =k —1 and
|E(L(I))| = k — 2 edges. Then it's a path graph.

Conversely, suppose L(I) is a path graph. This implies
that each degree of vertex v; € I is not greater than two.
If one of the degrees of vertex v; inl is greater than two,
then the edges e which incident to v; € I would form a
complete subgraph of IVIFLG L(J) of more than two ver-
tices. Therefore, the IVIFG I must be either cyclic or path
graph. But, it can’t be the cyclic graph since a line graph
of the cyclic graph is the cyclic graph. Hence the proof. [J

Limitations

+ This paper introduces only the new concept of IVI-
FLG which is the extension of IFLG.
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+ We focused only on some properties of IVFLG and
not all properties are mentioned.

+ Due to uncertainty and imprecise many real-world
problems like networks communication, machine
learning, data organization, traffic light control, com-
putational devices, medical diagnosis, decision mak-
ing, and the flow of computation is difficult to solve
without using IFS, IVIF models it has become rapidly
useful in the world. But, in this paper the application
part is not included.
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