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ABSTRACT. We introduce certain concepts, including cubic graphs, internal cubic graphs, external cubic
graphs, and illustrate these concepts by examples. We deal with fundamental operations, Cartesian product,
composition, union and join of cubic graphs. We discuss some results of internal cubic graphs and external

cubic graphs. We also describe an application of cubic graphs.

1. INTRODUCTION

Cubic sets are one of the real generalizations of fuzzy sets [27] provided by Jun et al. [9-11,15,26] during
the last five years. They developed cubic set theory in many directions and for more detail about cubic sets
one can see [12]. Kang and Kim [13] studied mappings of cubic sets. Muhiuddin et al. [18] presented the
idea of stable cubic sets.

Fuzzy graphs were studied by Rosenfeld [23] and give a few theoretical ideas in spite of the fact that the
fundamental thought was presented by Kauffmann [14] in 1973. Bhattacharya [6] gave some remarks on

fuzzy graphs. A book written by Mordeson and Nair [17] is devoted especially to the study of fuzzy graphs
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and fuzzy hypergraphs. Akram et al. gave the idea of interval-valued fuzzy graphs [1,2], intuitionistic fuzzy
graphs [3] and bipolar fuzzy graphs [4,5]. Borzooei and Rashmanlou [7] studied Cayley interval-valued
fuzzy threshold graphs. Buckley [8] introduced self-centered graphs. Sunitha et al. [25] characterized g-self
centered fuzzy graphs. Mishra et al. [16] studied coherent category of interval-valued intuitionistic fuzzy
graphs. Pal et al. [19] and Pramanik et al. [21,22] added some useful results to the theory of interval-valued
fuzzy graphs. Parvathi et al. [20] provided some different operations on intuitionistic fuzzy graphs and Sahoo
and Pal [24] studied product of intuitionistic fuzzy graphs.

In this paper we study some operations on cubic graphs. Internal and external cubic graphs are studied

with some example. We provided some conditions for union and join of external and internal cubic graphs.
2. PRELIMINARIES
Here we recall some basic helping material from the existing literature.

Definition 2.1. A graph is denoted by Q* = (P, @), where P denotes the set of vertices of Q* and @ stands

for the set of edges of Q*.
Definition 2.2. [12] Let T be a non-empty set. By a cubic set in T we mean a structure
A={{t, @a(t), pa(t)) |t € T}
in which @, is an interval-valued fuzzy set in T and pp is a fuzzy set in 7.
A cubic set A = {(t, @A (t), pa(t)) |t € T} is simply denoted by A = (2x, pia).

Definition 2.3. [12] Let T be a non-empty set. A cubic set A = (@a,pa) in T is said to be an internal

cubic (resp., external cubic) set if

@) () < pa(t) < (t) (vesp., pa(t) & (wy (1), @i (1))
forallt e T.

Definition 2.4. [12] For any A; = {{t,@a, (¢), ua,(t)) |t € T} where i € I, we define

w e = {6 (20 ) 0 g ) 0 e T} mion
o1t = {0 () 0 (n ) @) 7 amion

3. CUBIC GRAPHS

We develop the theory of a cubic graph and some operations on cubic graph.
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Definition 3.1. Let M* = (P,Q) be a graph. A cubic graph of a graph M* = (P,Q), is the structure

M = (a, ), where o = (@q, o) is the cubic set representation for the vertex P and 5 = (g, 1) denotes

the cubic set representation for the edge @, with

Wo : P — DI[0,1], po: P —10,1],
and wg : Q — D[0,1], ug: Q@ — [0,1],
such that
@p(pip;) = rmin{@a(pi), @a(ps)},
pe(pip;) < max{pa(pi), pa(pj)},

for all (p;,p;) € @ C P x P.

Example 3.1. Let us consider a graph Q* = (P, Q) such that P = {p1, p2, p3, 04}, Q@ = {p1P2, P2P3, P3P4, PaP1}-
Let a be a cubic set of P and let 8 be a cubic set of @) defined by

P Da s Q wp %

p1 || [0.1,0.5] | 0.7 pip2 || [0.1,0.4] | 0.4
p || [0.3,0.7] | 0.2 p2ps || [0.1,0.3] | 0.1
p3 | [0.2,0.4] | 0.2 paps || [0.1,0.4] | 0.5
pa || [0.1,0.8] | 0.7 pap1 || [0.1,0.4] | 0.3

p1([0.1,0.51,0.7) p2([0.3,0.7],0.2)
([0.1,0.4],0.4) !

([0.1,0.4],0.3)
(Toleo10])

([0.1,0.41,0.5)

p4([0.1,0.81,0.7) p3([0.2,0.4],0.2)

F1GURE 1. Cubic graph

By routine calculations, it can be observed that the graph shown in Fig. 1 is a cubic graph.

Example 3.2. Consider a graph Q* = (P, Q). Let « be a cubic set of P and let 8 be a cubic set of @ defined
by

o (Di) + @y (D w5 (e;) + (e
ua(pi)=w“(pl); o (p) and pig(e;) = 5 (ei) + w5 ( )_

2

Then M = («a, 8) is a cubic graph of Q*.
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Remark 3.1. If wg(p;p;) = [0,0] and pg(pipj) = 0, then the cubic graph M = (a, 5) has no edge.

Definition 3.2. Let M; = {(«a1,01) and My = (as,2) be two cubic graphs of the graphs Qf and Q3,
respectively. The Cartesian product of M; and M, is denoted by My x My = {(ag X ag, 1 X B2) and is
defined as follows:
Q) (@ay X Way)(P1,p2) = rmin{@a, (1), Ta, (P2)}
(/1‘041 X Na2)(plap2) = maX{:uOél (pl)a Has (pQ)}
for all (p1,p2) € P =Py X Pa,
(i) (@, % @8,)((¢,42) (¢, p2)) = rmin{@a, (¢), @p, (q2p2)}
(:U‘ﬁl X pﬁz)((qv QZ)(Q7p2)) = max{ual (Q)a 2262 (QZp2)}
for all ¢ € Py, and gaps2 € Q2,
iy | @%@ p) = i (p1). B 1)
(:u‘ﬂl X :U’ﬁQ)((ql’ 71)(1717 7’)) = maX{MZﬁ (Q1p1)7 Moy (T)}
for all r € Py, and g1p1 € Q1.

Example 3.3. Consider two cubic graphs M; = (a1, £1) and My = (ag, B2) as shown in figure 2.

p1([0.3,0.7],0.4) p2([0.4,0.6],0.5)

q:([0.2,0.41,0.7) 42([0.7,0.81,0.3)

FI1GURE 2. Cubic graphs M; and M,

Then, their corresponding Cartesian product My x M is shown in figure 3.

p1p2([0.3,0.6],0.5) p1q2([0.3,0.7],0.4)
([0.3,0.5],0.4)

([0.1,0.31,0.5)
(sofeoT ol

([0.2,0.41,0.7)
q1p2([0.2,0.4],0.7) q192([0.2,0.41,0.7)

FiGURE 3. Cubic graph M; x M

Clearly, M7 x Ms is a cubic graph.

Proposition 3.1. The Cartesian product of two cubic graphs is a cubic graph.
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Proof. The conditions for a; X ag are obvious, therefore, we verify only conditions for 8 x fs.

Let g € Py, and gaps € Q2. Then

(@p, X @s,)((q,92)(q;p2)) T min{@,, (9), @p, (¢2p2) }

= r min{%cﬁ (Q)’ r min{&az (q2)7 &az (pQ)}}
= rmin{rmin{@a., (¢), Da,(g2)}, r min{w,, (q), @a, (p2)}}

= rmin{(%oq X 7%042)(% (]2), (%al X %az)((anQ)}

(:uﬁl X Mﬂz)((Qa QQ)(QJ)z)) = maX{Mal (Q), KB (Q2p2)}
< max{pa, (), max{ia,(q2), ta, (P2)}}
= max{max{jia, (), la, (q2) }, max{fia, (@), fa, (P2)}}

= maX{(,ual X /”'az)(qa 612), (,uoa X MQQ)((Q7P2)}

Similarly, we can prove it for r € P», and ¢1p; € Q1. O

Definition 3.3. Let M; = (a1,$1) and My = {(asg,B2) be two cubic graphs of the graphs QF and 3,
respectively. The composition of M; and Ms is denoted by M;[Mz] = (a1 0 ag, f1 0 B2) and is defined as

follows:

(%al o z%042)(1717272) =T min{%al (pl)a %042 (pQ)}

(:u’al © :u’Otz)(plva) = ma‘X{Mal (p1)> Moy (pQ)}
for all (p1,p2) € P =Py X Pa,
(11) (%51 © %52)(((]7 QQ)(Q7P2)) =r min{%al (Q)7 %52 (Q2p2)}
(1, © 1:) (¢, 92) (¢, p2)) = max{pa, (q), s, (g2p2)}
for all ¢ € P;, and gaps2 € Q2,

(111) (%61 o %52)(((117 ’f’) (plv ’I“)) =r min{%ﬁl ((]1p1)7 %042 (T)}
(:uﬁl o Mﬁz)((chv 7”) (pla T)) = maX{:uBl (Q1p1)’ 2% (T)}
for all » € Py, and ¢1p1 € Q1.
(iV) (%51 © %/32)(((]1, CI2)(P17172)) =r min{%az (qQ)7 %042 (pQ)’ %51 (QIpl)}
(Nﬁl ° :u‘52)(((ha QQ)(plapQ)) = maX{NOQ (qQ)7 Moy (pQ)a K1 (‘hpl)}
for all g2, p2 € P2, g2 # p2 and q1p1 € Q1.

Example 3.4. From Example 3.3, consider two cubic graphs M; = (a1, 81) and My = (ag, 2) as shown in

figure 2. Then, their corresponding composition M;[Ms] is shown in figure 4.
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p1p2([0.3,0.6],0.5) p1q2([0.3,0.71,0.4)

(so’lco 10D

qup2([0.2,0.41,0.7) q192([0.2,0.41,0.7)

FIGURE 4. Cubic graph M;[Ms]

Clearly, M;[Ms] is a cubic graph.
Proposition 3.2. The composition of two cubic graphs is a cubic graph.

Definition 3.4. Let M; = (a1,$1) and My = {(asg,B2) be two cubic graphs of the graphs QF and 3,
respectively. The P-union of two cubic graphs M; and M, is denoted by My Up My = (a1 Up aa, B1 Up B2)

and is defined as follows:
%al(p) iprPl—PQ

(1) (Fay Up @as)(P) = { T (P) ifpeP,— P
rmax{@a, (p), Ta,(p)} ifp€ PN
fa (P) ifpe P — P,
(ii) (kar Up Has)(P) = fta, (p) ifpe P,— P,
max{fa, (), oy (P)} i p € PLN P
g, (Pipj) if pip; € Q1 — Q2
(iii) (g, Up @) (0irs) = § @p, (pi0;) if pip; € Qo — Q1
rmax{wpg, (pip;), @p, (Pipj)} if pip; € Q1N Q2
s, (Pipy) if pip; € Q1 — Q2
(iv) (1g, Up 1) (0ips) = 1s, (pip)) if pip; € Q2 — Q1

max{pg, (Pips), ks, (Pipj)} if pipj € Q1N Q2

Definition 3.5. Let M; = (a31,$1) and My = {(asg,B2) be two cubic graphs of the graphs QF and Q3,
respectively. The R-union of two cubic graphs M; and M; is denoted by My Ur My = (a1 Ug s, 81 Ugr 52)

and is defined as follows:
z%al(p) iprPl—Pg

(1) (Fay Ur @as)(P) = § @as (p) ifpe P~ P

Tma‘x{%al (p)7 %ag (p)} 1fp S Pl N P2
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fiay (P)
(i) (Hay UR tas)(P) = S fta, (p)
min{fia, (p), tia, (P)}
@, (Pip;)
(ili) (@, Ur @p,)0ips) = { g, (0ip;)

ifpe P — P
ifp€P27P1
iprPlﬂPg

if pipj € Q1 — Q2
if pip; € Q2 — Q1

rmax{wpg, (pip;), @s, (Pip;)} if pip; € Q1 N Q2

1, (Pipy)
(iv) (g Ur psy)(pivg) = § g, (pip;)

if pip; € Q1 — Q2
if pip; € Q2 — Q1

min{yug, (pip;), 1, (Pip;)}  if pip; € Q1N Q2

Example 3.5. Consider two cubic graphs My = (a1, 51) and My = (ag, B2) as shown in figure 5.

&

N

& &

' Sl
p(103,061,04) & 1([0.50.71,0.2) 7 1([0.3,0.71,0.4)

([0.1,041,02)

~ 1([0.1,0.41,0.2) (10.2,0.6],0.3) [~

: (e
< =
i~ 2
S E
= 2

s([0.7,0.81,0.9) 1([0.1,0.7],0.8)

F1GURE 5. Cubic graphs M; and My

Then, their corresponding P-union M; Up Ms is shown in figure 6.

Q
N3
o

%3
p([03,0.61,04) & 1(0.5,0.71,0.4)

([0.2,0.51,0.7)
©oT90 710D

s([0.7,0.81,0.9) £([0.1,0.71,0.8)

FIGURE 6. Cubic graph M; Up My

Also, their corresponding R-union M; Ui Ms is shown in figure 7.
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Q
O

N
& r([0.5,0.7],0.2)

p([0.3,0.6],0.4)

(10.2,0.51,0.7)
907901 0D

s([0.7,0.81,0.9) £([0.1,0.7],0.8)

FiGURE 7. Cubic graph M; Ug Mo

Clearly, M7 Up My and M7 Ur M, are cubic graphs.
Proposition 3.3. The P-union and R-union of two cubic graphs is a cubic graph.

Proof. Since all the conditions for o;; U, a5 are automatically satisfied therefore, we verify only conditions
for 1 Up B2. In the case, when gp € Q1 N Q2. Then
(s, Up @,)(qp) = r max{wpg, (¢p), @s,(qp) }
= rmax{r min{@a, (¢), @a, (p) }, r min{Ta, (¢), @a, () }}
= rmin{r max{@a, (¢), Ta, (¢) }, r max{@a, (p), Ta, (p) }}

= rmin{(@a, Up @a,)(4): (Tay Up @as)(P)}-

(1, Up ;) (qp) = max{pg, (qp), s, (ap)}
< max{max{/ia, (q), tta, (p)}, max{pa, (@), oz (P) }}
= max{max{/ia, (¢), tas (¢)}, max{pia, (p), oo (P) }}
= max{(ta; Up tas ) (), (Bay Up s ) ()}

If gp € Q1 and gp ¢ Qs, then
(@, Up @p,)(qp) = 7 min{(@a, Up Ta,)(4), (Fay Up Ta ) (p)}
(g Up o) (ap) < max{(pay Up tas ) (@), (Hay Up fhas ) (P)}-
If gp € Q2 and gp ¢ Q, then
(@p, Up @p,)(qp) = 7 min{(@a, Up Ta,)(4), (Fay Up Ta ) (p)}

(1, Up g, )(qp) < max{(fia; Up tas ) (@) (Hay Up fas)(P)}-
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Hence the P-union of two cubic graphs is a cubic graph. The case for R-union of two cubic graphs can be

seen in a similar way. [

Definition 3.6. Let M; = {(«a1,01) and My = (as,2) be two cubic graphs of the graphs Qf and Q3,

respectively. The P-join of two cubic graphs M; and M is denoted by My +p My = (o +p s, f1 +p B2)

and is defined as follows:
) (Fay +P Tay)(P) = (Fay Up @as,) (D)
(Hay +P fas)(P) = (Bay UP Has)(P)
for p € Py U P,
(11) (%51 +p %52)(‘117) = (%51 Up %fb)(qp)
(/1‘51 +p Mﬁz)(qp) = (/’L,Bl Up Mﬁz)(qp)
for gp € Q1 NQ2,

(111) (&ﬂl +p &52)((117) =T min{&ou (q)’ &Otz (p)}
(1gy +P py)(gp) = min{fia, (@), fta, (P) }

for gp € Q*, where @Q* is the set of all edges joining the vertices of P, and Ps.

Definition 3.7. Let M; = (a1,$1) and My = {ag,B2) be two cubic graphs of the graphs QF and Q3,

respectively. The R-join of two cubic graphs M; and Mo is denoted by My +r My = (@1 +r a2, 81 +r B2)

and is defined as follows:
) (Tay TR Tay)(p) = (Fa, Ur Tay ) (P)
(Hay R ta)(P) = (Hay UR pas)(P)
for p € Py U P,
(@s, +r @p,)(qp) = (s, Ur @p,)(qp)

(ii)
(g, +r 1p,)(qp) = (s, Ur 115,)(qp)
for gp € Q1 N Q2,

(111) (%ﬁl +R 7%52)((]]9) =T min{%ou (Q)’ %a2 (p)}
(:U’B1 +Rr :uﬂz)(qp) = maX{Mm ((Dv Moy (p)}

for gp € Q*, where Q* is the set of all edges joining the vertices of P; and Ps.

Example 3.6. Consider two cubic graphs M; = (a1, £1) and My = (as, B2) as shown in figure 8.

p1([0.3,0.51,0.2)

2([0.2,0.7],0.3)

([0.3,0.51,0.7)

q1([0.4,0.81,0.7) 0([0.4,0.6],0.8) 1([0.5,0.71,0.2)

FIGURE 8. Cubic graphs M; and M,
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Then, their corresponding P-join M; +p M, is shown in figure 9.

P2([0.2,0.7],0.3)

(10.1,0.41,0.5)
p1([0.3,0.51,0.2) 0:([0.4.0.81,0.7)

FIGURE 9. Cubic graph M; +p My

Also, their corresponding R-join Mj +pg Mo is shown in figure 10.

p2([0.2.0.71,0.3)

(10.1,0.41,0.5)
p1([0.3.0.51,0.2) q([0.4,0.81,0.7)

F1GURE 10. Cubic graph M; +r M

Clearly, My +p M and M; 4+ Ms are cubic graphs.
Proposition 3.4. The P-join and R-join of two cubic graphs is a cubic graph.
4. INTERNAL AND EXTERNAL CUBIC GRAPHS
Here in this section we discuss some results related with internal and external cubic graphs.

Definition 4.1. A cubic graph M = {(a, ) is said to be an

(i) internal cubic graph (IC-graph) if

pa(pi) € (g (1), wq (pi)] and pg(ei) € [wg (ei), @5 (e)]
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for each p; € P and ¢; € Q.

(ii) external cubic graph (EC-graph) if

pa(pi) & (o (pi), wa (pi)) and pg(e:) ¢ (wg (ei), wf (es))
for each p; € P and ¢e; € Q.

Example 4.1. The cubic graphs M; = (aq, 51) and My = (g, 82) are internal and external cubic graphs,

respectively, as shown in figure 11.

p1([0.2,0.7],0.4) 2([0.3,0.71,0.2)

([0.1,0.4],0.6)

q:([0.6,0.8],0.6) qz([o.4,5.6],0.7) 1,([0.2,0.7],0.8)

FiGure 11. IC-graph M; and EC-graph M,

Theorem 4.1. Let {M; = («;, 5;) |i € I} be a family of IC-graphs. Then UpM; is an IC-graph.
iel

Proof. Since M; is an IC-graph, we have @, (p) < pa(p) < @wf (p) and @y (e) < pgle) < wg(e) fori e I.

This implies that

and

(igfwg) (e) < (%ﬂff) (e) < (ig[w; ) (e).

Hence Up M; is an IC-graph. O
il
The following example shows that the R-union of IC-graphs need not be an IC-graph (EC-graph).

Example 4.2. Consider two IC-graphs My = (a1, £1) and My = {ag, B2) as shown in figure 12.
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p([0.2,0.41,0.3) p([0.7,0.91,0.8)

([0.1,0.31,0.2)
q([0.6,0.9,0.7) q([0.1,0.47,0.2) r([0.3,0.9],0.4)

FiGURE 12. IC-graphs M; and M,

Then, their corresponding R-union M; Ug M> is shown in figure 13.

p([0.7,0.91,0.3)

(10.1,0.31,0.2)
q([0.6,0.91,0.2) 1([0.3,0.9],0.4)

FIGURE 13. R-union of IC-graphs M; and M,

It is easy to see that the cubic graph My Ug Ms is neither IC-graph nor EC-graph.
We provide a condition for the R-union of two IC-graphs to be an IC-graph.
Theorem 4.2. Let M; = (a1, 1) and My = {aa, 52) be IC-graphs such that

max{wEl (p), ZU;2 (p)} < min{ﬂoq (p)v May (p)}

and
max{wy, (¢), @5, ()} < minyus, (), s, (e)}

for all p € P and e € Q. Then the R-union of two IC-graphs M; and M is an IC-graph.
Proof. Let M; = (a1, (1) and My = (s, B2) be two IC-graphs which satisfy the conditions

max{w,, (p), @,, (p)} < min{ua, (p), fa, (p)}

and

max{ewy, (¢), =5, (¢)} < minyg, (€), sy (e)}
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for all p € P and e € Q. Since pa,(p) € [wa,(p),wd, (0)], ps.(e) € [wg, (e),wf, ()] and pay(p) €

[0, (p): @8, ()], 16, (€) € [, (€)@, (€)]. This implies that

min{fia, (p), o, (p)} < (g, Uwd,)(p) and min{pg, (e), ug,(e)} < (wj, Uwy, )(e)
Thus from the given condition we get

(s, Uwg,)(p) = max{w, (p), w,, (p)} < min{ua, (p), tas (p)} < (wd, Uwd,)(p),
and

(w5, Uwp,)(e) = max{wy (¢), s, (e)} < min{ug, (e), up,(e)} < (wf, Uwf,)(e).
This shows that My Ug Ms is an IC-graph. [

The following example shows that the P-union and R-union of EC-graphs need not be an EC-graph
(IC-graph).

Example 4.3. Consider two EC-graphs M; = (aq, 1) and My = {(aw, B2) as shown in figure 14.

p([0.2,0.4].0.7) p([0.6,0.8],0.9) 5([0.3,0.7],0.2)

([0.1,0.31,0.5)

1([0.3,0.4],0.8) q([0.2,0.71.0.8) q([0.6,0.91,0.4)

Ficure 14. EC-graphs M; and Ms

Then, their corresponding P-union M; Up M, is shown in figure 15.

p([0.6,0.8],0.9) 5([0.3,0.71,0.2)

1([0.3,0.4],0.8) q([0.6,0.91,0.8)

FIGURE 15. P-union of EC-graphs M; and M,

Also, the corresponding R-union M; Ur Ms is shown in figure 16.
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1([0.3,0.4,0.8) q([0.6,0.9],0.4)

FIGURE 16. R-union of EC-graphs M; and M,

It is easy to see that the cubic graph M; Up My and M; Ur Ms are neither EC-graph nor IC-graph.
We provide a condition for the P-union of two EC-graphs to be an EC-graph.
Theorem 4.3. Let M; = (a1, 1) and My = (g, B2) be two EC-graphs such that

max{w! (p),wy, ,
min (e, (), e, (P} > max{fia, (), fla, (P) }

max{w, (p),ws, ()}

> max
min{wy, (p), wd, (p)}
and
max{w’ e),ws (€e)},
min{ TR TREOb s, (€ ()
max{w;;l (e), 5, (e)}
© e min{wy (e), @, (e)},

rnin{wg,'1 (), g, (€)}

for all p € P and e € . Then the P-union of two EC-graphs is an EC-graph.
We provide a condition for the R-union of two EC-graphs to be an EC-graph.
Theorem 4.4. Let M; = (a1, 81) and My = (g, 82) be two EC-graphs such that

max{w! » Wy ) .
min { al(p) ®)} > min{pa, (p), o, (P) }

max{w, (p),ws,(p)}

min{w} (p), w,,(P)},

vV

min{w, (p),wd,(r)}
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and

max{w? (e ,wa (€)f,
mind T OF U (€, ()}

max{wg’1 (e), wgs, (e)}
> max min{wgl (6),w§2(e)}’

min{wg1 (e), @g, (e)}

for all p € P and e € . Then the R-union of two EC-graphs is an EC-graph.

Theorem 4.5. Let M = («, ) be a cubic graph which is not an EC-graph. Then there exist p; € P and

e; € @ such that

pa(pi) € (g (pi),@q (pi)) and ps(e:) € (wg (es), wj (e:))-
Proof. Straightforward. O

Theorem 4.6. Let M = (a, 8) be a cubic graph of Q*. If M = (a, ) is both an IC-graph and an EC-graph,

then

fa(pi) € U(@a) U L(@a)
and

ps(ei) € U(wp) U L(wp)

for all p; € P and e¢; € Q C P x P. Where

U(®a) = {wg (pi)lpi € P}, L(®a) = {w, (pi)|pi € P}
and

U(@p) = {@j (ei)lei € Q}, L(Tp) = {wj (ei)le: € Q)
Proof. Assume that M = («a, ) is both an IC-graph and an EC-graph. Then by definition we have

pa(pi) € (g (pi), @t (D)), psles) € [w (€)@ (ed)]
and
pa(pi) & (wg (pi) g (pi), psples) & (@ (eq), w5 (ei))-
Thus ia(pi) = @5 () o pa(pi) = @ (i) and pa(es) = @3 (es) or psles) = wd(es). Hence ua(pi) €
U(wa) U L(w,) and pge;) € U(wg) U L(wg) forall p; € Pande; € Q C P x P. O
Consider two cubic graphs M; = (aq, 81) and My = (a9, B2) in Q. If we exchange pia, by o, and ug, by
Ka, we get the cubic graph as M, = <64\1,B:> and M, = <64\2,B;> , Tespectively.
For any two IC-graphs (or EC-graphs) M; and Ms, two cubic graphs ]\//.71 and ]\//.72 may not be IC-graph
and EC-graph.
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Example 4.4. Consider two IC-graphs M; = (a1, 81) and Ms = (ag, 82) as shown in figure 17.

p1([0.2,0.51,0.3) p2([0.3,0.71,0.4)

.\\,

S
<

q1([0.4,0.9],0.8) q2([0.2,0.6],0.3)

FiGURE 17. IC-graphs M; and M,

Then, their corresponding ]\/éf\l and ]\/472 are shown in figure 18.

1([0.2,0.51,0.4) p2([0.3,0.71,0.3)

q:([0.4,0.91,0.3) q2([0.2,0.61,0.8)

F1GURE 18. Cubic graphs ]\//[\1 and ]\/4\2

It is easy to see that the cubic graphs ]\/4\1 and ]\/4\2 are neither IC-graph nor EC-graph. Similarly, we can

provide and example for two EC-graphs that are neither IC-graph nor EC-graph.

5. APPLICATION

Fuzzy graph theory is a platform which has wide range of applications in mathematics, computer science

etc. Cubic graph is a more general approach, which can be used in decision making very effectively.

Suppose we have a set of three countries like, P = {X, Y, Z} as a vertex set and the membership of each

member of the set denotes the strength of that country over the neighbouring country with respect to future

and present time by considering its economic strength. Now we want to observe the effect of strength of one

country at the another country with respect to economy. Let we have a cubic set for each country based on
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certain information and data with respect to economy

(X :[0.6,0.8],0.9)
a=14 (Y :[0.5,0.9],0.7)
(Z :10.3,0.7],0.8)

where interval membership predicts the economy of a certain country for the future and the other membership
shows economy of a certain country for the present time based on certain information and data with respect

to economy. Now on the basis of a, we have the set 8 of edges as follows

(XY :]0.5,0.8],0.9)

kS
I

(YZ:[0.3,0.7],0.8)
(ZX :]0.3,0.7],0.9)

where interval membership predicts the effect of economy of a certain country for the future and the other
membership shows the effect of economy of a certain country for the present time at the other country. The

corresponding cubic graph is shown in figure 19.

YZ([0.3,0.71,0.8)

Y([0.5,0.91,0.7) 7([0.3,0.71,0.8)

FicUre 19. Cubic graph

So finally we concluded that economy of a certain country effect very much on the economy of the

neighboring countries.

6. CONCLUSIONS

Graphs are among the most ubiquitous models of both natural and human-made structures. They can
be used to model many types of relations and process dynamics in computer science, physical, biological
and social systems. We come up here with the idea of cubic graphs and we define different operations of
cubic graphs. We also provide a short application of cubic graph. In future we are planning to generalize

our notions to (1) Cubic line graphs, (2) Cubic hypergraphs, and (3) Cubic soft graphs.
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