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Abstract

This research paper delves definition of isomorphism, weak isomorphism
and co-weak isomorphism within the realm of highly edge improper and
neighbourly edge improper interval-valued complex fuzzy graphs as well
as their complementary counterparts. Additionally we establish the isomor-
phism of u-complement of highly edge improper interval-valued complex
fuzzy graphs.
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1 Introduction

Isomorphism is one of the area in graph theory that many researchers fo-
cussing today.The notion of Interval valued fuzzy sets was introduced by Zadeh(9)
in 1975, as an extension of fuzzy sets in which the values of the membership de-
grees are instead of the numbers, the intervals of numbers. The
Interval valued fuzzy sets supply more satisfactory description of ambiguity than
traditional fuzzy sets. Hence, the applications of Interval valued fuzzy sets are
very much important to use in fuzzy control. Isomorphism on Fuzzy Graphs was
discussed by A. Nagoor Gani, J. Malarvizhi(3). Isomorphism on Interval Valued
Fuzzy Graph was studied by M. Naga Maruthi Kumari., R. Chandrasekhar(2).
S. Ravi Narayanan and N.S. Santhi Maheswari discussed the isomorphic
properties of irregular interval valued fuzzy graph (4). R.Sridevi., R. Venkatesh-
wara was discussed the concept of edge improper interval-valued complex fuzzy
graphs(8). In this article we are considering isomorphism on interval-valued com-
plex fuzzy graphs. Though isomorphism on interval-valued fuzzy graph has al-
ready exist. This isomorphic concept is concentrated on these case which involve
time periodic phenomena. We have discussed weak isomorphism, co-weak iso-
morphism, isomorphism and its related results.

2 Preliminaries

Definition 2.1. (6) A Interval-Valued Complex Fuzzy Graph(ivcfg) with an un-
derlying setf’ is defined to be a pa : (S,7'), whereS = [ug, ] is an ivcf set
on F andT = [uz, ut] is aivef setonl C F x F such that

ur (e < minfyis (7), g () yermntes Des O)

()P0 < min{pt (7), w5 (1)} 35 05503 for all 5,1 € F.

Definition 2.2. (6) Let G : (S,T) be an ivcf graph, wher€ = (ug,ud) and

T = (u;, /ﬁ) be two ivcf sets on a non empty set F. The order of an ivcf graph is
defined byO,(G) = (O; (G), 0} (G)), whereO; (G) = 3. pg (j)e>icr *s )
andOf (G) = X, i (j)e=ser P50 for all j € F.

Definition 2.3. (6) Let G : (S,T) be an ivcf graph. The positive degree of a
vertex is defined byl; (j) = >, (i (jl)e2=ner PG and the negative degree

of a vertex is defined by; (j) = Y., up(jl)eXier*rU% for all jl € I. Then
degree of a vertex s defined agl;(z) = (d; (5), d; (5)).

Definition 2.4. (6) Let G : (S,T) be an ivcf graph, wher€ = (ug,ud) and
T = (,u;,u;) be two ivf sets on a non empty set P. The size of an ivcf graph is
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defined byS;(G) = (7 (G), S7(G)), whereS; (G) = 3, pup(jl)e>aner 70D
andS; (G) = 3¢, up(jl)exae 7rU for all ji € 1.

3 Isomorphism on Edge Improper Interval-Valued
Complex Fuzzy Graphs

In this section, homomorphism, weak isomorphism, co-weak isomor-
phism, isomorphism of two ivcf graphs are defined and some of its properties are
discussed.

Definition 3.1. A homomorphisnp of neighbourly edge improper ivcf graph(highly
edge improper ivcf graph(r; andGs is a mapping: F; — F» which fulfills the
following criteria
(i) i ()€ @ < pf (p())es P andpug (w)es @) < pg (p(x))e’™s #(e)
(il) g () et @ < i (p(ay) )ePr W) andg (wy)eior @) < pp(p(ay))etor @),
Example 3.1.Consider neighbourly edge improper interval-valued complex fuzzy
graph onG*(F, I).

G,(O.?)GO'SM, 0.560'5iﬂ) b(0‘3€0.3i7r, 0.660'&”)

0.360'3m, 0.360,51'#)

(0‘260.32%7 0'460.3i7r) (0'160.31%’ 0.560'3iﬂ)
(0.460'&”, 0.260'3i )

d(0.4e%4m 0. 403 ¢(0.5¢%-3™ 0. 5¢04im)

Gy
(0‘560.4i7r7 0‘360.67:#)
u<0.360'4m, 0.560'6m) ’U(O.460'6i7r7 0.760'&”)

(0.260.31%, 0'460.31%) (0.360.31'7r7 0.560.41'%)

<0‘460,3i7r, 0.260'3 Tl')

£(0.4¢47, 0.4¢0577) (05605 0.5607m)
G

Figure 1:Homomorphism of neighbourly edge improper ivcf graph
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In Figure 1, there is a homomorphigm F; — F» such thap(a) = u, p(b) =
v, p(c) = w, p(d) = =

Definition 3.2. Aweak isomorphisnp of neighbourly edge improper ivcf graph(highly
edge improper ivcf graphl); andG, is a bijective mapping : F; — F, which
fulfills the following criteria
(i) p is homomorphism (i) u&(x)e®s@ = ki (p(z))e’s®@) and
pg (2)es @) = g (p())eies ),

Example 3.2. A neighbourly edge improper ivcf graph is considered i F, I).

0,(0.360‘4m, 0‘560.6i7r>

(0'260.31'#7 0.460.5i7r) (0‘360.31'71" 0.460.31‘#)

b(0.5e5, 0.7¢%7T) c(0.7e3m | 0.8¢0-4m)
G1
u(0'360.4i7r’ 0‘560.6i7r)

(0.360.41%7 0.460.62'%) (0'360.41'#’ 0.560.41%)

.260'4iﬂ-, 0.560'41

v(0.5¢%%7,0.7¢"7T) w(0.7¢%-3™ 0.8¢04im)
G
Figure 2: Weak isomorphism of neighbourly edge improper ivcf graph

In Figure 2, there is a weak isomorphigm F; — F; such thatp(a) = w,
p(b) = v, p(c) = w.

Definition 3.3. A co-weak isomorphism of neighbourly edge improper ivcf graph(highly
edge improper ivcf graphj’; andG, is a bijective mapping: F; — F; which
fulfills the following criteria

() p is homomorphism

(il) i () e @ = pu (p(y)) €7 P andyug (zy)er @) = pug (p(ay))etor @),

Example 3.3. A highly edge improper ivcf graph is considered@f( F, I).
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a(0.4e%4 0.6e%5) b(0.4€%4™ 0.6¢%6)

0.4e%3 (.4¢0-5im

(0'260.41'%’ 0.560.3i7r) (0_260.4i7r, 0'560.4i7r>

0.5e23, 0.3¢%%im

d(0.5e%%™, 0.5¢%%T) ¢(0.6€%%™ 0.6¢%-5i)
Gy
u(0.460'5”, 0.660'6i7r) ’U(0.560'5i”’ 0.760‘7i7r>

0‘460.31'#, 0‘460.52'71'

(0.2€%4m (.50-3im) (0.2€%4m 10.50-4im)

0‘560.31'#, 0‘360.52'71'

2(0.5¢%%°7, 0.5¢%%°T) w(0.6€%5™ 0.6e5)

G

Figure 3:Co-weak isomorphism of neighbourly edge improper ivcf graph

In Figure 3, there is a homomorphigm F; — F; such thap(a) = u, p(b) =
v, p(c) = w, p(d) = =.

Definition 3.4. Anisomorphisnp of neighbourly edge improper ivcf graph(highly
edge improper ivcf graph)/; andG, is a bijective mapping: F; — F; which
fulfills the following criteria

(i) g ()€ @ = pf (p(w))es P@) andpug (z)ei®s @) = g (p(w))eies @),

(ii) i ()€™ @ = puf (p(ay))ePt P andpug (zy)er @) = iy (p(ay))etor Plav),

Theorem 3.1.If any two neighbourly(highly) edge improper ivcf graphs are iso-
morphic then their order and size are same.

Proof. If p: G; — G, be an isomorphism between neighbourly edge improper
ivcf graph then,

Mgmew;(x) — Mg(p(x))em;w» andyg (z)ei*s @) = 15 (p(x))eis @),

ph (zy)ePr@ = it (p(xy)) et P andpg (zy)e’r @) = pz (p(zy))etor ),
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O1(Gh) = (X b (w)es 0, 37 g (w)eies )
= (3 1 (p(u)e'®s P10), 37 s (p(u)ei=s #00))
= (3 (w)e5 ), 37 g (w)eis ) = O4(G)
S1(Gh) = (3 i (wv) e ), 37 iz (wv)eior ()
= (3 pf (p(u)er (), 37 i (p(uv)eor D))

= (X 1 (w2) et () 3 pz (we)eier () = Sp(Gy). 0

Remark 3.1. The converse of above Theorem 3.1 need not be true for both neigh-
bourly edge improper ivcf graph and highly edge improper ivcf graph.

Fact 3.1.If neighbourly edge improper ivcf graph(highly edge improper ivcf graph)
are weak isomorphic then their order are same.

Remark 3.2. The converse of the above fact is need not be true.

Fact 3.2. If neighbourly edge improper ivcf graph(highly edge improper ivcf graph)are
co-weak isomorphic then their size are same.

Remark 3.3. The converse of the above fact is need not be true.

Theorem 3.2.If G; and G, are neighbourly(highly) edge improper ivcf graphs
which are isomorphic then the degrees of corresponding verticasd p(u) are
preserved.

Proof. If p: G; — G5 is an isomorphism between neighbourly edge improper
ivcf graph then

p (uw)ePr () = i (p(uw))er ¢4 and
pr (wv)e@r @) = iz (p(uv))eier @),

df (u) = 32 p (wv)e=Pr ) = 37 i (p(uv)) e Pr ) = df (p(u)).
dy (u) = 32 py (wv)e= 1) = 37y (p(uv) ) e r 1) = d (p(u)).

Thus the degrees of corresponding vertice§paindG,, are thesame. [

Remark 3.4. The converse of Theorem 3.2 need not be true.
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Theorem 3.3. Any two highly edge improper ivcf graphs are isomorphic if and
only if their complement are isomorphic.

Proof. Let G; andG, be two highly edge improper ivcf graphs.
Assume thaty; andG, are isomorphic. There exists a bijective mapF; — F5
satisfying
i (2)E5 ) = 1 (p(2)) 5 ), i (1) @) = pig (p()eios P,
pt (zy) Pt @) = pk (p(ay)) e P g (my)eer @) = pz (p(ay))etor @),
[if (zy)eBr@v) = & (2)eB5 @ A 1 (y)ePE W) — i (ay)eiPt @)
— ut(p(z))es @) A ut (p(y))ets ®W) — 1k (p(zy))etfr b))
fig (zy)e®r @ = 12 (z)es @ A pg (y)eis W) — p (zy)eior (@)
= pi5 (p(x))e s P A g (ply))e's PO — pz (p(ay))eior Piew)
HenceG, = Gs. .
Conversely assum@; =~ G,
There exists a bijective map F; — F5 satisfying
b ()0 = 1t (p() e 0, g (w)eis @) = pg (p())eies ¢,
ﬁ;(my)eiﬁqf(wy) _ /TL;(p(Iy))eiBjt(P(wy))?ﬁ;(xy)ei&;(xy) — iz (p(wy))eir @)
using definition of complement
ik (zy)ePE @) = 1t (2)eBE@) A ki (y)ei®E ) — 1t (my) et @)
i (2y) €7@ = g () s @ A g (y)es®) — i (zy)eior @)
using the above equations
pt (2y) P @) = ik (p(ay)) e ), i (zy)eier @) = p (p(ay))etor ¢v)
HenceG, = Gs. ]

Theorem 3.4. Let G, and G, be two highly edge improper ivcf graphs.df is
weak isomorphism withyy, thenG; is weak isomorphic witldr;.
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Proof. If p is weak isomorphism betweed; and G5 thenp: F; — F, is a
bijective function such thaty?; (z)e®s @ = ;& (p(x))es @@ g (z)etos @ —
g (p(x))etes P@)
it (x i85 (p(x - 1 (T - i (p(x
u;(:[:y)e ﬂT( y) S Iu};(p(a';y))e ,BT(])( y))y,LLT(xy>e T( y) S uT(p(xy))e T(p( y))

As,p~!: F, — [ is also bijective, for everw € F,, there exists € F; such
thatp—! (w) = m;
iBE(z — iBE (1 (w - iag (T —(n— iag (p~Hw
s (@) = a5 (p (w)) e 070 g (@) ) = g (p (w) el 070

T 6} (z iag (T Qg QL

B (0 (2))e 07 D) > 1 () 0D A i (p(y)) e P
+ iBT +(P(Y))
pr(p(zy))e

— 1 (W)E ) A 1t (2)eE ) — it (2) 809 = fif (wz) e (2
[t (wz)er ) < ik (p~H(wz))ePr @ (w2))
fig (2)e7 @) = p= (2)es @ A pg (y)eios® — pig (zy)eios @)
ﬂ}(pil(wz))eid;(p_l(wz)) < Mg(p(x))emg(p—l(l«)) A ,ug(p(y))eiag(f’_l(y))—
s

ps (p(xy)) et (p(zy))

= pig (w)e's @A pig (2)e™s ) — pg (wa)e's ) = iy (wz)e’or )
i (w2)eer () > fiz (pH(wz))e@r @ W),
So,p~!: F|, — F, is weak isomorphism betweé, andG. Il

4  u-Complement of Highly Edge improper Interval-
valued complex Fuzzy Graphs

Definition 4.1. Let G : (S, T) be a ivcf graph. The-complement of is defined
asG* : (S, T+) whereT* = (u3", uz")
pd (@)@ Ak (y)et?s )

,u;u(xy)eiﬁqfu(zy) = { — i (xy) iB7 (zy) 1k (zy) i85 (2y) <
0 g (wy)ePr (9) = 0
B ILL; (x)elag(x) N Mg (y)ezag(y)
M;H(my)eiaqw”(xy) = { —pg(zy)eior (zy) 7 ($y>em;(a;y) =0
0 pr (zy)etor @) = 0.
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Theorem 4.1.LetG, andG» be two highly edge improper isomorphic ivcf graphs.
Theny-complement ofy; and G, are also isomorphic. But the complements
need not be highly edge improper ivcf graphs.

Proof. Assume that’; andG, are isomorphic. There exists bijective mapF; —
F, satisfying

iB (x B4 (p(a - iag (x - iag (p(z
pg (@)@ = g (p(x))€% PO g (2)es @) = pg (p(a))eies P
-3+ ot o L B o
p () ePr @) = ot (p(zy))er @) (py)eor @) = i (p(zy))eior PEv)

By definition of z,-complement,
/L;u(xy)eiﬁqfﬂ(xy) — ,ugf(x)eiﬁ;(’”) A M;g(y)eiﬁg(y) _ u?(my)eiﬂ?(‘”y)
i85 (p(x gt BT (o(x
= uh(p(x))ePr @@ A p (p(y))ePr PW) — 1t (p(zy) ) ePr #av)

u;ll(xy)eia;“(my) = ,ug (m)eiag(:v) A M§ (y)eiag(y) _ M;(xy>eia;($y)
= pip (p(2)) e P A (p(y))e'or PO (p(y) o Pew)
HenceG; ~ Gs. 0O

Definition 4.2. An ivcf graph( is said to be selfi-complementary ity ~ G*.

Example 4.1. An ivcf graph is considered o@*(F, I).

b(0.3e%%7, 0.5¢"T) a(0.2e%2™ 0. 4¢04i)

® , e
(0‘260.217r7 0.460'4”)

(0.1560'15“‘-, 0.2560'25iﬂ)

g .
c(0.3e37™0.5¢%%)
G
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w(0.3eo'3”, 0.360'5”) v(0.3e.°~3i7f7 0‘560.52'71')

(0.15€0157m ().25¢0-25¢)

(0.260.2i7r, 0‘460.4i7r)

[
u(0.2e%%™ ().404m)

GH

Figure 4: Selfu-complementary

In Figure 4, the two graphs are isomorphic. HenGeis Selfu-complementary
ivcf graph.

Theorem 4.2. Let G be selfu-complementary highly edge improper ivcf graph,
then

3 g ()P (0) = L 57 1 (u) 5 (O A (v) 5 ) and S pu (ww)eier () =
LS pg(u)ets ™ A pg (v)ets ),
Proof. Let G be selfu-complementary highly edge improper ivcf graph. Since
G ~ G*, there exists a bijective map V' — V such that

. i .
u;(u)ezﬁg(u) — Mgu(pw))ezﬁ_s (p(u)) — M;(p<u>)ez,3;(p(u)) and
/Lg (U)eiag(“) = M§N<p<u))eia3“(p(u)) — Mg (p(u))ew‘g(p(u))

67 (uv is% ww
pip () ) = i (p(uw) e ()
andu:}(uv)emT(“) = u;u(p(uv))eiaj“#(p(uv))

By definition of u-complement, we have

F@)e @ A (y)ei 0
pr’ (@y)efr" @) = & — it (ay)etPr (@) i
i (ey)e @ =0

=

o

p (p(uv) )eiPr” @)
= it (p(w))e®s P A 1 (p(v)) e @) — 1t (p(uw))eir ¢)
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Now, i (uw) et (w)
-+ At ot
— ut(p(w))es @) A pt (p(v))es P@) — 1 (p(uv))eifr @uw)

B ()11 (p ) e 00D = i ()5 00D g ()5 010D

= 2,u;(uv)eiﬂ7t(“”) = ul (u)eiﬁ;‘r(“) A ,ugi(v)eiﬂ;(”)

= 23 pf (ww)ePr ) = 37 ik (u)e's ) A i (v)etPs )
= 3 i (wv)etPr ) = LS 1t (u)etfS @) A i (v)eifs ©)

Similarly we can show that 7 (uv)e™r ) = L 5™ o (u)e™™s W Apg (v)ets ).
]

Remark 4.1. If G is highly edge improper ivcf graph W g (uw ) e?Pr () =

iBE (u i (v — iour (uv) (e
3 0 kg (w)es A g (v)es ) and 3 g (wv)etr ) = 337 g (u)es ) A
g (v)e@s ) thenG need not be self-complementary.

5 Conclusion

In this paper we have introduced the notions of isomorphic, weak isomorphic,
co-weak isomorphic of neighbourly(highly) edge improper ivcf graphs. In fu-
ture we study the properties for some standard graphs and have an idea to extend
the concept of.—complement of neighbourly(highly) edge improper ivcf graphs.
Though isomorphism exists on several fuzzy graphs isomorphic on interval-valued
complex fuzzy graph is limited only on the case which involves time phenomena.
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