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Chapter

Extended Intuitionistic Fuzzy Line
Graphs: Theory and Properties

Venkata Naga Srinivasa Rao Repalle, Keneni Abera Tola
and Maamo Abebe Ashebo

Abstract

The introduction of fuzzy set theory was given by Zadeh. The introduction of
fuzzy graph theory was given by Kauffman. Later the structure of fuzzy graph was
developed Rosenfeld. The traditional fuzzy set cannot be used to completely describe
all the evidence in problems where someone wants to know in how much degree of
non-membership. Such a problem got the solution by Atanassov who introduced
intuitionistic fuzzy set which described by a membership, a non-membership and a
hesitation functions. An intuitionistic fuzzy set is used to solve problems involving
uncertainty and imprecision that can’t be handled by a traditional fuzzy set. This
chapter introduced the interval-valued intuitionistic fuzzy line graphs (IVIFLG) and
explored the results related to IVIFLG. As a result, many theorems and propositions
related to IVIFLG are developed and supported by proof. Moreover, some remarkable
isomorphic properties, strong IVIFLG, and complete IVIFLG have been investigated,
and the proposed concepts are illustrated with the examples.

Keywords: fuzzy set, interval-valued intuitionistic fuzy graph, interval-valued
intuitionistic fuzzy line graph, isomorphism

1. Introduction

Since Euler was presented with the impression of the Koénigsberg bridge problem,
graph theory has received recognition in a variety of academic fields, including
natural science, social science, engineering, and medical science. In the field of graph
theory, some operations such as the Wiener index of graphs, line graphs, total graphs,
cluster and corona operations of graphs, edge join of graphs, and semi-total line have
been useful. In addition, some properties of boiling point, heat of evaporation, surface
tension, vapor pressure, total electron energy of polymers, partition coefficients,
ultrasonic sound velocity, and internal energy can be analyzed in chemical graph
theory. These operations are not only useful in classical graphs but also in fuzzy
graphs and generalizations of fuzzy graphs. Because real-world problems are fre-
quently fraught with uncertainty and imprecision, Zadeh proposed fuzzy sets and
membership degrees [1]. Accordingly, Kaufman presented the concept of fuzzy
relations based on Zedeh’s work in [2]. Rosenfeld [3] assembled both Zedeh’s and
Kaufman’s work and then introduced fuzzy graphs.
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Later on, Atanassov observed that fuzzy sets (FS) did not handle many problems
with uncertainty and imprecision [4]. Based on these observations, he combined the
membership degree with the falsehood degree and presented intuitionistic fuzzy sets
(IFS) with relations and IFG, which is a generalization of FS [4-6]. It has many applica-
tions in fuzzy control, and defuzzification is the most computationally intensive part of
fuzzy control. Mordeson investigated the concept of fuzzy line graphs (FLG) for the first
time and explored both sufficient and necessary conditions for FLG to be a bijective
homomorphism to its FG. He developed some theorems and propositions [7]. Firouzian
et.al [8] introduced the notion of degree of an edge in fuzzy line graphs and congraphs.

Akram and Dudek discussed interval valued fuzzy graph (IVFG) and its properties
in [9]. Later, different classes of IVIFGs such as regular, irregular, highly irregular,
strongly irregular and neighbourly irregular IVIFGs were discussed [10]. Then,
Akram drived IVFLG from IVFG [11]. Interval-valued intuitionistic (S, T')—fuzzy
graphs were introduced by Rashmanlou and Borzooei [12]. Afterward, the idea of
intuitionistic fuzzy line graph (IFLG) studied by Akram and Davvaz [13]. Further-
more, IFLG and its properties are investigated in [14].

Based on the defined concepts, we gave the definition of IVIFLG in this chapter.
Our works are novel in the following ways: (1) IVIFLG is presented and illustrated
with an example, (2) numerous theorems and propositions are developed and
proved; (3) further, interval-valued intuitionistic weak line isomorphism and
interval-valued intuitionistic weak vertex homomorphism are proposed. Readers
should refer [5, 7, 11] for notations that are not declared in this chapter.

2. Body of the chapter

This section contains some basic definitions used to introduce IVIFLG. Throughout
this chapter we considered only simple graph.

Definition 1.1. The graph G = (V, E) is an intuitionistic fuzzy graph (IFG) if the
following conditions are satisfied [15]

i.01:V —[0,1] and y; : V — [0, 1] are membership and nonmembership value
of vertex set of G respectively and 0 <o1(v) +y,(v) <1V eV,

il.oy: VxV —]0,1andy,: V x V — [0, 1] are membership and
nonmembership with 6, (v;v;) <61(v;)Ac1(vj) and 7, (viv;) <74 (vj) vy, (vj) and
0< 612(1),'1)]') +7, (1)1'1)]') <1, Vviv]- €E.

Definition 1.2. The line graph L(G) of graph G is defined as any node in L(G) that
corresponds to an edge in G, and pair of nodes in L(G) are adjacent if and only if their
correspondence edges e;, ¢; € G share a common node v €G.

Definition 1.3. For the given graph G = (V, E) with n—vertices and S; =

{vi,e,-l, ~--,e,~p} such that 1<i<#n,1<j<p, and e;; €E has v; as a vertex. Then (S, T') is

called intersection graph where S = {S;} is the vertex set of (S, T) and T =
{8iS1Si,S; €S;SinS; # @, fori #j} is an edge set of (S, T).

Definition 1.4. The line(edge) graph L(G) = (H,J) is where H =
{{e}u{u,,v.} :e€E,u,,v,€V,e =u,v, and ] = {SeSf . e.f €E,e #f,S.NSp # @}
with S, = {e}u{u,,v.,e € E} [11].
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Definition 1.5. Let G = (A1, By) is an IFG with A; = (aAl, yAl) and B; = (031, yBl)
be IFS on V and E respectively. Then (S, T) = (A3, B,) is an intuitionistic fuzzy

intersection graph of G whose membership and nonmembership functions are
defined as [14]

1. GAZ(Si) = UAl(vi>’ yAz(Si) = )/Al(vi>’ VSl',S]'ES
i. 05, (S; S;) = o5, (vivy),  7,(SiSj) = 75, (00))VSS;ET.

where A, = (GAZ, 7A2)> B, = (032, sz) on S and T respectively. So, IFG of the
intersection graph (S, T) is isomorphic to G(means, (S,T) = G).

Definition 1.6. Consider L(G* ) = (H,J) be line graph of G* = (V,E). Let G =
(A1,B1) be IFG of G* with A1 = (04,,74,) and B; = (08,,75,) be IFSon X and E
receptively. Then we define the intuitionistic fuzzy line graph L(G) = (A,,B,) of G as

i. 04,(S.) = oB,(€) = 0B, (Ueve),

¥a,(Se) = vp, (€) = vp, (u.v.), forall S,, S, e H

ii. OB, (SgSf) = 0B, (6)/\631 (f)
75, (SeSr) = 75, (€)Vrp, (), ¥S.Sr €.

where A; = (04,,74,) and B, = (03,,75,) are IFS on H and ] respectively.

The L(G) = (A, B;) of IFG G is always IFG.

Definition 1.7. Let G; = (A1, B;) and G, = (A3, B;) be two IFGs. The homomor-
phism of y : G; — G, is mapping y : V4 — V; such that [14].

i.0a,(vi) <0a,(w(i))s 74, (i) <74,y (vi))
ii. op, (vi,v;) <o, (w(©i)w(v))),
78, (01,9}) <vg, (W (©:)w (v;)) Vv; € V1,0, €E;.
Definition 1.8. The interval valued FS A is characterized by [9].
A= {on [o3(00s0500)] 0],

Here, o (v;) and o} (v;) are lower and upper interval of fuzzy subsets A of X
respectively, such that o, (v;) <o (v;) Vv; € V.

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

Definition 1.9. Let A = { [6,(v), 6, (v)] : v €X} be IVFS. Then, the graph
G* = (V,E) is called IVFG if the following conditions are satisfied;

og (vivj) < (02 (’1),')/\62 (vj)
o} (o)) <05 0N} (1)

V;,0; €V, Vow; EE and where A = [65,6}|, B = [05,04] isIVFSon Vand E
respectively.
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Definition 1.10. Let G = (A1, B1) be simple IVFG. Then we define IVF intersection
graph (S, T) = (A3, B,) as follows:

1.A; and B, are IFS of S and T respectively,
2.6, (Si) = 04, (v;) and 6;{2 (S;) = 0;;1 (v),V¥S;,S; €S and
3.05,(55) = 03, (00, 75, (55) = o3, 00, VS5 €T.

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

Definition 1.11. An interval valued fuzzy line graph (IVFLG) L(G) = (A3, B,) of
IVFG G = (A4, By) is defined as follows [11]:

* A; and B, are IVFS of H and ] respectively, where L(G™) = (H,])

* 04,(Si) = o3 (€) = o3, (Ueve), ajq'z (S;) = 023_1 (e) = agl (ueve ),

* 03, (S:Sr) = o5 (e)Aop, (f), o (SeSf) = o3, (e)Aas, (f) for all S,, Sy € H, S,S¢ €].
Definition 1.12. A graph G = (A, B) with underlying fuzzy set V is IVIFG if

i. the mapping o4 : V — [0,1] and y, : V — [0, 1] where 64 (v;) =
[0 (v:), 0% (vi)] and y4(vi) = [y4(vi), 7} (v:)] denote a membership degree and
non membership degree of vertex v; € V, receptively such that ¢, (v;) <o (v;),
ya (i) <yji(v;) and 0 <o (v;) + 74 (vi)) <1V, €V,

ii. the mappingop: V x VCE — [0,1]and y3: V x VCE — [0, 1] where
o5 (vivj) = [of (vivj), o (viv;)] and yp(viv;) = |15 (viv;), 75 (viv;)] such that

GE (’Uil)j) < GZ (’U,’)/\UK (’U]', GE (1),'1)]') < GZ (l)i)/\GX (Z)j
75 (viy) <va (©i)Vra (v)), 75 (vivy) <va@i)Vvrk (v
where 0 <63 (viw;) + 75 + (vivj) <1and Vop; €E.

In the next section, we begin the main findings of this chapter by introducing and
demonstrating examples of IVIFLG.

Definition 1.13. Consider L(G) = (H,]) is IVIFLG of IVIFG G = (44, B;) and

denoted by L(G) = (A3, B,) whose membership and non membership function is
defined as

i. A; and B, are IVIFS of H and ] respectively, such that

04,(Se) = o3, (€) = op, (Ueve)

o, (Se) = agl (e) = agl (uev,)
Ya,(Se) = 13, (e) = rg, (uev.)
V4, (Se) = vg,(€) = v, (uev.) VS, €H.
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ii. The edge set of L(G) is
03, (SeS¢) = o3,(e) A, (f), o3, (SeSp) = o, (e)Aag, (f)
v8, (SeS¢) = og,(€)vyg, (f) v, (SeSr) = v, (e)vyg (f) for all ,S.Sp €]J..

Example 1.14. Given IVIFG G = (44, A,) as shown in Figure 1.
From the given IVIFG we have

oa, (1) = aAl(vl),azl(vl): = [0.3,0.6]
oa(02) = |05 (vz),a;(vz): —[0.2,0.7]
oa,(v3) = 051(03),0-;(113): —[0.1,0.3]
oa,(v4) = :agl(u),a;(u) —[0.3,0.4]

74, (01) = _J/,Zl(lh),yjl(vl)_ =[0.1,0.4]

va,(v3) = _?’Zl(va)aﬁl(vﬁ =[0.4,0.5]

(

7a,(02) = |12, (02), 74,(02)] = (01,02
(
(

Ya,(0a) = :}’21(04),7;{1(1)4)] = [0.4,0.5]

]
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(v1[0.3,0.6],[0.1,0.4]) ©2([0.2,0.7], [0.1, 0.2])

([@:2 5] 10:1. 03] )

([0.2,0.4],[0.2,0.3])
([#o'col'lzoTol

([0:1,0.1], [0.3,04])

O
(10.3,0.4], [0.4, 0.5])vs v3([0.1,0.3],[0.4,0.5])

Figure 1.
IVIFG G.
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vp,(v102) = |7p, (V102),7 (1)11)2)} =10.1,0.3]
VB, (V203) = v 1(0203),y§1(v203)] = [0.3,0.4]

78, (0304) = |13, 0304), 73, (v304) | = [0.3,0.4

v, (Vav1) = |rp, (v4v1), 75, (0401)} =[0.2,0.3]
To find IVIFLG L(G) = (H,J) of I such that

H = {1)11)2 =S8, 003 = S,,,0304 = S;,, V401 = 864} and

] - {Selsez; S€ZS€3 > S€23S€4) S€4S€1 } .

Now, consider A, = [a 4,204 } and B, = |:GB , 03, ] are IVFS of H and ] respectively.
Then we have

o4,(S..) = |3, (e1), o4, (e1)] = (02,05

o4,(S.)) = |03, (€2), 05, (e2) | = 0.1,02]

04,(S:s) = |3, (e3), o (e3) | = [0.1,0.1]

04:(Se) = |03, (e4), o7 e4) | = [0.2,0.4]

7/Az Sel) = _}’1;(@1), 7§1(€1)_ = [01,03]

(

rau(Se) = |13, (€2 74, (e2)] = [0.3,0.4]
(
(

)
Ses) = |73, e3): 74, (e3)] = [0.3,0.4]
75,(es)

08,(S..5.) = |05, (1), (€2), o (e) Ao (e2) | = 01,02
08,(S.,5..) = |05, (e2) A0, (€3), o, (e2) e3)| = 101,01
08,(S0iS.1) = |5, (€307, (e4), o e4>] 0.1,0.1
08, (SsSes) = |03, (€) A, (e1), 05, (e4) A (en) | = 0.2,0.4]

(el)Vygl(ez): ~ [0.3,0.4]

)

78,(Se;Se;) = :V (e2)Vvrp, (e3 ,7§1(€2)V7§1(€3): = [0.3,0.4]
75 (e3)
)

Then L(G) of IVIFG G is shown in Figure 2.
Proposition 1.15. L(G) = (A3, By) is IVIFLG corresponding to IVIFG G = (44, By).
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([0.2,0.5], [0.1,0.3])S,,

([0.2, 0.4], [0.2, 0.3])S, St 010 S 0

Figure 2.
IVIFLG of G.

Definition 1.16. A homomorphism mapping y : G; — G, of two IVIFG
Gy = (M3,N7) and G, = (M, N,) y : V1 — V3 is defined as

i. o, (i) S oy, (W (v2)), ony, () S oy, (w ()
var, (i) <7, (W (v:)), Vg, () <7y, (w(vi)) for allv; € V5.
ii. oy, (vi)) <oy, (W@y (%)), on, (vivy) S o, (wy (7))
o) <), o) v (v e ) Foral vy €

Definition 1.17. A bijective homomorphism y : G; — G, of IVIFG is said to be a
weak vertex isomorphism, if

oy (05) = |3, (03), 0, (00)] = |3, (W (@0)), oy, (W) |

@) = |7, 00,730, 00)] = |7, @), 7, @), woieva.

A bijective homomorphism y : G; — G, of IVIFG is said to be a weak line isomor-
phism if

o8, (v0)) = |05, (v)), o7, (o)) | = |5, (W @w (), o5, (W@ )]

75, (o) = |75, (0)), 75, (0iwy) | = |75, (W @w (), 72, (i) () | Wouy €E.

If y : G; — G; is an isomorphism that holds Definition 1.17, then y is called a weak
isomorphism of IVIFGs G; and G,.

Proposition 1.18. The IVIFLG L(G) is connected graph if and only if its
corresponding IVFG G is connected graph.
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Proof: Assume that L(G) is a connected IVIFLG of the IVIFG G. First, We want to
show that necessary condition. Lets say G is disconnected IVIFG. Then there are at
least two nodes of graph G which are not joined by path, say v; and v;. If we take one
edge e in the first component of the edge set of G, then it doesn’t have any edges
which adjacent to edge ¢ in other components. So that, the IVIFLG of graph G is
disconnected and contradicts our assumption. Therefore, the IVIFG G must be
connected. On the other hand, assume that IVIFG G is connected graph. Then, there is
a path between each pair of nodes. This implies, edges which are adjacent in graph G
are adjacent nodes in IVIFLG. As a result, every pair of nodes in IVIFLG of G are
linked by a path. Therefore, the proof finished.

Proposition 1.19. An Interval valued line graph of star graph K3, is a complete
Interval valued graph K,, with n—vertices.

Proof: Consider the vertex v € V(K3,,) that adjacent to all other vertices
u; € V(Ky,) fori =1,2---,n. Now, all the vertices in IVIFLG of K3, are adjacent. This
means, IVIFLG of Ky, is a complete graph.

Example 1.20. Suppose that the IVIFG K13 with V = {v,v1,v5,v3} and E =
{vv1,vv,, 003 where

v = ([0.3,0.5],[0.1,0.4]), v; = ([0.3,0.4],[0.2,0.5))
v, = ([0.5,0.8],[0.1,0.2]), v3 = ([0.1,0.3],[0.5,0.7])
e1 = vv, = ([0.2,0.3],[0.3,0.5]), e; = v, = ([0.2,0.5],[0.0,0.3])
e3 = vv3 = ([0.1,0.2],]0.3,0.6]).

Then by definition of IVIFLG, the vertex sets of L(K;3) is V = {Sel, Se, > Seg} and
{SelSez, Se,Ses> Se,Se, edge sets where

S., = ([0.2,0.3],[0.3,0.5)), S., = ([0.2,0.5],[0.0,0.3]),
S., = (10.1,0.2],[0.2,0.6)), S.,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 (Figure 3).

(%)

€2

Qv -

m U3

Figure 3.
Graphs of Ky 5 and L(K . 3).
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Proposition 1.21. Let L(G) be IVIFLG of IVIFG of G. Then L(G™) is a line graph of

G* where G* = (V, E) with underlying set V.

Proof: Given G = (A4, B;) isIVIFG of G* and L(G) = (A,, B,) is IVIFLG of L(G™).
Then

on(S) = [02,(8.),05,(8.)] = [ o5, (€), 73, (),
ran(S:) = [ra, (8, 75,(8)] = [ra, (€)1 (€)] veeE.
This implies, S, € H = {{e}U{u,,v.} : e €E, uo, v, € V&e = u,0,} if and only if e € E.
o8, (SS7) = |05, (S:7): %, (S.57) | = |5, ()Aa, (F), o (€) A (F)]

78, (SeSy) = [75,(Se87), 78,(5:57) | = |13,V (F), 74, ()7 (F)|
VSeSf G],

where | = {SeSf | SenSy & D, e,f €E&e ¢f} Hence, L(G") is a line graph of G*.
Proposition 1.22. Let L(G) = (A3, B;) be IVIFLG of L(G*). Then L(G) is also
IVIFLG of some IVIFG G = (A4, By) iff

i 0B, (SeSf) = [6152 (SeSf) > o-;z (Sesf)} = [GZZ (Se)/\agz (Sf) > O—Xz (Se)/\gj‘lrz (Sf):| >

ii. 75, (S.57) = [ygz (S:5¢), 72, (SeSf)] = [r,; (Se)Vra, (S¢)s va, (Se)vra, (Sf)}
¥S,, Sy € H, 8,8 €J.

Proof: Suppose both conditions (i) and (i) are satisfied. i.e.,
O-Ez (SeSf) - O-Ez (Se)/\agz (Sf)’ ng (S“Sf) - O-Xz (S“)Ao-zz (Sf)’ ygz (SeSf) - 7/22 (Sg)\/}’gz (Sf)
and y§ (S.Sf) = Va,(Se)Vra, (Sy) for all .Sy € W. For every e € E we define
Oa, (Se) = 0y, (€>» GXZ (Se) - 6;1_1 (6), 74, (Se) =7a (6) and 7/22 (Se) = yjl_l (6) Then

652 (Se Sf ) AN _652 (Se Sf ) ’ ng (SgSf )}

= [oa (500, (57), o1, (S (5]

— :agl(e)/\agl(f),agl(e)/\‘fgl )]
3 (S:Sp) = |78, (SSp), 73, (S.57) |

= [ra SV, (), 7SV ()]

= [rm@Vrz ()1 (Vi (F)]

We know that IVIFS A; = ( [GEI, Gjl] , [ygl, ﬂl} ) yields the properties
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will suffice. From definition of IVIFLG the converse of this statement is well
known.

Proposition 1.23. An IVIFLG is always a strong IVIFG.

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

Proposition 1.24. Let G; and G, IVIFGs of G| and G, respectively. If the mapping
w : G1 — G; is a weak isomorphism, then y : G;/ — G, is isomorphism map.

Proof: Suppose y : G; — G, is a weak isomorphism. Then

veViep(v) eV, and
uv € Eyop(u)y(v) €E,.
Hence the proof.
Theorem 1.25. Let G* = (V, E) is connected graph and consider that L(G) =
(A3, By) is IVIFLG corresponding to IVIFG G = (A1, B1). The,

1.there exists a map y : G — L(G) which is a weak isomorphism if and only if G* is
a cyclic graph with

on, () = |0z, () 0h, )] = |o3, (€),, (0)],
7, @) = |ra,@)75,0)] = |15, (€7 )],
such that A; = ([agl,a,ﬂ, [7;1,}'X1D& By = ([6&130&}’ [751»7’51])’
YveV,ee€E.
2.The map y is isomorphism if y : G — L(G) is a weak isomorphism.
Proof: Consider y : G — L(G) is a weak isomorphism. Then we have

o4, 01) = |03, (00), 55, (00)]| = |0, (w(w:)), ok, (W)

75, @) = |15,@), 78,00 = [75,0@), 78, ((0)]
Yo, eV.

ow, (v:27) = [ o5, (0y), o, (0y) ] = o5, (@)W (7)) 5, (v @)y (1)) |
78, (o)) = |13, 00)), 7, (o) | = |7, (w@0w (), 7, (w @ (3y)) | Vo €E.

This follows that G* = (V, E) is a cyclic from Proposition 1.24.
Now let v10,03---v,01 be a cycle of G* where vertices set V = {v1,v,, ---,v, } and
edges set E = {0102, 0903, -, 0,01 }. Then we have IVIFS
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on (@) = |0z, ), 0%, ()| = 1717
ra 00) = [ra, @7k, @] = [f 7]
and
op, (Vivip1) = [0131 (0:0i41), 05, (Uz'vz‘+1)] = [1,4]
v, (Vivis1) = [J’El (ivit1), 73, (Uz'vi+1)] = lg:-4]

. _ _ + _
wherei =1,2,--,mand v,1 = v1. Thus, fort; =1, ,t7 =t, .f1 =f, . 0f1 =i

<t /\tz+1’

bt
L Sti AL qs 1
q; Sfi Vfi+1

q,* Sfjvfitrl-
Now

H=A{S,:i=1,2,,-,n} and]:{Sel.Se i=12,,-,m—1 }

i+1

And also,

0n:(8a) = |07,(80), 55 (S0

AREA

= _6§1 (Vivit1), Gngrl (Uivi+1)]
= [i7,1f]
74, (Sei) = _7/22 (Sei ) ’ }/Xz (Sei ):|

= [1a.(e0, 75, )]

= :751 (vivit1), 73, (Uivi+1)]
= [¢7.4]
04 (S0Su1) = min {5}, (), b, (es1) |
= min {UE (vivi+1)s0§1 (Ui+1vi+2)}
= min {1}, 1/,
03, (S0Se1) = min { a5, (€), 03, (ei11) |
= min { og, (Vivii1), op, (vi+1vi+2)}

= min {1, ,1;,,}

11
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73,(Su5.) = max {7k, (€)1, (einr) |
= max {7;32 (vivit1), J’El (Ui+1vz'+2)}
= max {47,441}

78, (SeiSei.,) = max {751 NS (ez-+1)}
= max {7§1 (vivit1), 73, (Ui+1vi+2)}
— max (a7 g5}

_ _ f_t ot ot o o
where vy 1 = 01,Vp12 =02, 1] = 1,050 = L1541 = 45> Gy = 91> and

i=1,2,-,ny :V — H is bijective map since y : G* — L(G") is isomorphism. And
also, y preserves adjacency. So that y persuades an alternative rof {1,2,---,n} which
w(v;) = Se,, and for e; = v;v; 1 then yw(v;))w(viy1) = Se.;Se =1,2,---,m — 1. Now

7(i+1)

1) <o, (W i) = o
= min {031 (eT ) OB, (eT z+1))} = min

{rpin

)
Ser(i) Ser(i+1> >
)

= min {621 (ex))> o3, (€r<i+1>)} = min {’fu ”+<z+1>}
q; = vp,(Viviy1) <y, (l//(vi)‘//(UHl) =7, (Sermserw))
X

= max {yEl (6‘7(1‘)) 5 7§1 (e'r(i—i-l)) } = ma

(S5 ))
(

B,
#z%@mﬁ@@mwmmw;

9 =73, (ivip1) <73, (l//(vi)l//(vm)

= max {)/El (er(i)) ) }’El (er(iH)) }

= max {qj(l.),qj(iﬂ)} fori=1,2,,n

]

d

B+
N

«

— Pl
£ =
2
N———
N———

Which implies,

(2)

12



Extended Intuitionistic Fuzzy Line Graphs: Theory and Properties
DOI: http://dx.doi.ovg/10.5772/intechopen.110182

and
B - (3)
q; < max {qf(i)aqf(iﬂ)}’ q; < max{ 93y qf i+1) }

Thus from the above equatlons we obtain ;- Szf( ) <t 049 <9, and q: q:r .
and also 1, ;) <1 ;) ﬁ( ) < 129 2(i) S 4o(a(s)) A0d qr <qT ) By proceedlng this pro-
cess, we get

i St S Stag St
Sty S St <4
9i Sq:4)S " Squ6) 54,
9 <4y < <qhp <4;

where 7¢*! is the identity function. It follows L) = e(in) Yai) = Yaei)) 9oty = Do)
and qj(i) = qj(r(i)). Again, from Eq. (3), we get

L Slyn) = Lt i < lr(z+1) i1
9 <dricn) =40 qi <450 = D

This implies foralli = 1,2, --,n,1; =17, =1],q; =4q; and g¢;” = g+1. Thus,

from Egs. (1) and (2) we obtain
H= =y =t =ty
e
g ==, =f1 ==,
4 = =4, =f1 = =f,.

As a result, the proof.

Theorem 1.26. Let G be connected simple IVIFG, then IVIFLG of G is a path graph
if and only if G is path graph.

Proof: Suppose that G is a path IVIFG with |V(G)| = k. Thus, G is a path P}, with
length k and |E(G)| = k — 1. Since the vertices set of IVIFLG L(G) is an edge sets of G,
clearly L(G) is a path with |V(L(G))| =k — 1 graph and |E(L(G))| = k — 2. Implies that
L(G) is a path graph. On the other hand, assume L(G) is a path. Then every degree of
vertex v; € G is can’t be greater than two. If there is a vertex v; € G is greater than two,
then an edge e which incident to v; € G would form a complete sub-graph of IVIFLG
L(G) of more than two vertices. As a result, the IVIFG G must be either path graph or
cyclic. But, G can’t be the cyclic graph since a line graph of the cyclic graph is the
cyclic graph. The proof is finished.

3. Conclusion

In this chapter, we introduced interval-valued intuitionistic fuzzy line graphs
(IVIFLG) and investigated their results. In addition, we developed many theorems,

13
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and propositions related to IVIFLG with proof. Moreover, some remarkable properties
of isomorphic properties, strong IVIFLG, and complete IVIFLG have been investi-
gated, and the proposed concepts are illustrated with the examples.
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