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Abstract: In this article, a new dimension named isomorphism, weak and co-
weak isomorphism in the neighbourly (highly) streak erratic neutrosophic fuzzy
graphs and its complement are introduced and some of this properties are discussed.
Moreover, isomorphic properties in the p— complement of neighbourly (highly)
streak erratic neutrosophic fuzzy graph are established.
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1. Introduction

Smarandache [8] proposed Neutrosophic Graphs in some special types such
as neutrosophic multipolar graphs. Broumi [1] introduced certain types of single
valued neutrosophic graphs. Neighbourhood degree of a vertex in neutrosophic
graphs were introduced in [2]. Up to now, to the best of our knowledge there has
been no study on isomorphic concepts of neutrosopic fuzzy graph. This we have
proposed in this paper, a new concept of isomorphism on neutrosophic fuzzy graph.
We have provided some examples when and where necessary. Also we have proved
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some results.
2. Isomorphism on Streak Erratic Neutrosophic Fuzzy Graphs

Definition 2.1. A homomorphism [ of neighbourly streak erratic neutrosophic
fuzzy graph(highly streak erratic neutrosophic fuzzy graph) Gri and Gre is a map
[:' Vi — V5 that satisfies the following condition

(i) T (m) < Tw((m)), Te(m) > Ty ((m)) and Fy(m) > Fu(U(m)

(it) Tar(mk) < Tar(I(mk)), Zar(mk) > Iy ((mk)) and Fyr(mk) > Fa(1(mk)).

Example 2.2. Consider neighbourly streak erratic neutrosophic fuzzy graph on

*
H:(V,E).
a1(0.3,0.5,0.4) (0.3,0.7,0.6) a5(0.3,0.6,0.5)b1 (0.3,0.5,0.6(0.3,0.5,0.6) b3(0.4,0.5,0.4)
(0.2,0.4,0}6)
(0.2,0.6,0.6) (0.3,0.5,0.6)

a4(0.4,0.4,0.3) (0.4,0.6,0.6) ag(0.5,0.5,0.4) p,(0.4,0.4,0.5)0.4, 0.2, 0.6) b3(0.5,0.5,0.6)

Or1 Oro

There is a homomorphism 1: V; — V5 such that [(ay) = by, l(ag) = by, l(a3) =
bg, l(a4) = b4.

Definition 2.3. A weak isomorphism | of neighbourly streak erratic neutrosophic
fuzzy graph(highly streak erratic neutrosophic fuzzy graph) Gri and Gro is a 1-1
and onto map where | : Vi — Vo which satisfies the following conditions.

(1) | is homomorphism

(it) Ty (m) = Ty (I(m)), Zn(m) = Zn((m)) and Fx(m) = Fx(l(m)).
Example 2.4. Given neighbourly streak erratic neutrosophic fuzzy graph on
Hy(V, E).

a1(0.3,0.5,0.5) b1(0.3,0.5,0.5)

(0.2,0.5,0.5 (0.3,0.5,0.5) (0.3,0.5,0.5 (0.3,0.5,0.5)

a2(0.5,0.4,0.5) (0.1, 0.5,0.5) a3(0.7,0.4,0.5) b2(0.5,0.4,0.5) (0.2,0.5,0.5) b3(0.7,0.4,0.5)

gRl gR2
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From the example given above we see that there is a weak isomorphism k: Vi — V;
such that k(ay) = by, k(as) = be, k(az) = bs.

Definition 2.5. A co-weak isomorphism of neighbourly streak erratic neutrosophic
fuzzy graph(highly streak erratic neutrosophic fuzzy graph) Gri and Gre is a 1-1
and onto map 1: Vi — Vs, that fulfill the said condition

(i) I is homomorphism

(i) Tar(mk) = Ty (I(mk)), Iy (mk) = Iy ((mk)) and Fur(mk) = Fp(l(mk))
Example 2.6. Consider highly streak erratic neutrosophic fuzzy graph on H5(V, E).

a1(0.4,0.6,0.5) (0.4,0.6,0.5) a5(0.4,0.3,0.4)bq1(0.4,0.6,0.50.4,0.6,0.5) b3(0.5,0.5,0.4)
(0.2,0.5,0.5) (0.2,0.5,0.4)  (0.2,0.5,0.5) (0.2,0.5,0.4)
a4(0.5,0.3,0.3) (0.5,0.3,0.4) a3(0.6,0.2,0.3) b4(0.5,0.3,0.3)y.5 0.3, 0.4) b3(0.6,0.2,0.3)

Or Oro

Definition 2.7. An isomorphism k of neighbourly streak erratic neutrosophic fuzzy
graph(highly streak erratic neutrosophic fuzzy graph) Gri and Gro is a 1-1, onto map
l: Vi — V5 that satisfies

(1) Tn(m) = Tn(l(m)), In(m) = In((m)) and Fy(m) = Fy(l(m))

(i1) Tar(mk) = Tar(L(mk)), Zas(mk) = Ty ((mk)) and Fp(mk) = Far(L(mk))

Theorem 2.8. If any two neighbourly streak erratic neutrosophic fuzzy graphs are
isomorphic then the order and size of the graph remains same.
Proof. If I: Gr — Ggro be an isomorphism between the two neighbourly streak
erratic neutrosophic fuzzy graph then,
Tn(m) = Tn(l(m)), In(m) = In((m)) and Fy(m) = Fy(l(m))
Tar(mk) = Ty (L(mk)), Iy (mk) = Iy ((mk)) and Fyr(mk) = Fp(1(mk))
O(Gr1) = (- Tv(v1), > In(v1), > Fv(v1))
(22 Tw(U(v1)), 22 In((v1)), 22 Fu(l(vr)))
= (2 Tn(v2), > In(v2), >° Fn(v2)) = O(Gro2)
S(Gr1) = (22 Tu(viwr), >° T (viws), Y- Far(viws))
(2 T (H(vrwn)), >° Tna ((vrwn)), 22 Far(l(vrwy)))
= (2_ Tm(v2wa), 3° I (vaws), 3 Fuu(vows)) = S(Gro).

Remark 2.9. The Theorem 2.8 mentioned above is true for highly streak erratic
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neutrosophic fuzzy graph.

Remark 2.10. The converse of Theorem 2.8 need not be true for both the neigh-
bourly streak erratic neutrosophic fuzzy graph and the highly streak erratic neutro-
sophic fuzzy graph.

Theorem 2.11. If the neighbourly streak erratic neutrosophic fuzzy graphs(highly
streak erratic neutrosophic fuzzy graph) are weak isomorphic then the order of the
isomorphism is same.

Proof. It is similar to Theorem 2.8.

Remark 2.12. Neighbourly streak erratic neutrosophic fuzzy graph(highly streak
erratic neutrosophic fuzzy graph) of equal order need not be weak isomorphic.

Theorem 2.13. If neighbourly streak erratic neutrosophic fuzzy graphs(highly
streak erratic neutrosophic fuzzy graph)are co-weak isomorphic then its number
of streaks will be same.

Proof. Similar to Theorem 2.8.

Remark 2.14. Neighbourly streak erratic neutrosophic fuzzy graph (highly streak
erratic neutrosophic fuzzy graph) of equal size need not be co-weak isomorphic.

Theorem 2.15. If Gry and Gre are neighbourly streak erratic neutrosophic fuzzy
graphs that are isomorphic then the degrees of corresponding vertices u and k(u)
are same.
Proof. Assume that [: Gr; — Ggo is an isomorphism between the two neighbourly
streak erratic neutrosophic fuzzy graph then

Tar(viwy) = Tar(L(vywy)), Ly (viwr) = Ty ((v1wq)) and Far(viwy) = Far(L(vgwy)).

dp(v1) = 32 Ta(viwr) = 32 Ty (l(viwy)) = dr(l(v1)).-

dr(vr) = >° In(viwy) = 3 Ty ((viwr)) = dr(l(v1)).

dp(vi) = > Fu(viwr) = 3 Far(l(viwn)) = dp(l(v1)).

Thus the degrees of corresponding vertices of Gr; and Gry are same.

Theorem 2.16. Let Gr1 and Gro be two highly streak erratic neutrosophic fuzzy
graphs. Gry and Gro are isomorphic if and only if their complement are also iso-
morphic. But the complement need not be highly streak erratic.
Proof. Assume that Gr; and Ggo are isomorphic. There exists a 1-1 and onto map
[V} — V, satisfying
Tn(m) = Tn(l(m)), Zn(m) = In((m)) and Fy(m) = Fu(l(m)) for all h € V3
Ta(mk) = Ta(I(mk)), Zas(mk) = Zy((mk)) and Fpr(mk) = Fp(l(mk)) for all
mn € B

Tr(mk) = Ty(m) ATy (k) — Tar(mk)
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~ = Tn(l(m)) N Tn(l(k)) — Tar(I(mk))
Iy (mk) = In(m) ANIn(k) — Ly (mk)
In((m)) NIn((k)) — La((mk))
Fy(mk) = Fn(m) A Fy(k) — Fu(mk)

N (U(m)) A Fn(U(k)) — Far(L(mk))
Hence Gp1 = Gge. The converse part is similar.

Theorem 2.17. Let Ggy and Ggro be the two highly streak erratic neutrosophic
fuzzy graphs. If Gry is weak isomorphism with Gro, then Gry is weak isomorphic
with ERQ.

Proof. If [ is weak isomorphism between Gr; and Ggro then [: V] — V5 is a 1-1
and onto function such that,

Tn(m) = Tn(l(m)), Zy(m) = In(l(m)) and Fy(m) = Fy(I(m))
Tau(mk) < Tar(l(m)l(k)), Zar(mk) < n((m)l(k)) and Fas(mk) < Far(l(m)l(k))
As, I71: Vo — V; is also 1-1, onto, for every zy € V3, there exists 2; € V; such
that k_l(gR2> =
Tv(my) = T (171 (m2)), In(m1) = In(~'(m2)) and Fy(my) = Fn (7' (ma))
TM(mlk‘l) = TN(ml) N TN(kl) - TM(mlkl)
a7 (ma2)l (ko)) = T (U(ma)) A Tae(U(k1)) — Tar(L(ma) (k1))
= TN(WQ) A TN(kQ) TM(kaQ) = TM(mng)
_TM(mzlﬁ) Tar(I7 (m2)k ™ (y2))
IM(mlk‘l) N(ml) \/IN(/ﬁ) IM(mlk‘l)

Tag (17 (m2)l ™ (k2)) < Zn(1(ma)) V Iy (1K) — Zag (1(ma)l (k1))
=ZIn(ma) V Iy (kg) — Zp(maks) = Iy (maks)
Tar(maks) > Tar (71 (mo)l = (ky))
FM(mlk‘l) = .F (ml) V .FN(]{fl) — FM(mlk‘l)

Fu(I7H (mo)l ™! (k) < Fn(Uma)) V Fa(U(k1)) = Far(Uma)l(kr))
= Fn(ma) V Falks) — Far(maks) = Far(maks)
Far(makz) > Far(I7 (mo)l7" (k2))
So, I7': V4 — V4 is weak isomorphism between G g and G po.
Remark 2.18. Theorem 2.17 s true for highly totally streak erratic neutrosophic
fuzzy graphs.

Remark 2.19. A neighbourly streak erratic neutrosophic fuzzy graph need not be
self complementary.

Example 2.20. Consider the neutrosophic fuzzy graph on Hj(V, E).
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b1(0.6,0.6,0.4)

a1(0.6,0.6,0.3)

"

(0.1,0.1,0.1)

"\(044,0-7,0»6) (0.1,0.2,0.1)

AN
N\

(0.3,0.7,0.7) \. (0.2,0.2,0.2)

(0.5,0.8,0.6)

a2(0.6,0.5,0.5) a3(0.5,0.5,0.5) b3(0.6,0.5, 0.4) b3(0.5,0.5,0.5)

H H
Remark 2.21. Theorem 2.17 is true for highly totally streak erratic neutrosophic

fuzzy graphs.

Remark 2.22. A neighbourly streak erratic neutrosophic fuzzy graph need not be
self complementary.

Theorem 2.23. Isomorphism between the neighbourly streak erratic neutrosophic
fuzzy graphs has an equivalent relation.
Proof. Let Gry = (T1,Z1, F1), Gro = (T2, 2y, F2) and Ggrs = (T3,Z3, F3) be neigh-
bourly streak erratic neutrosophic fuzzy graphs with vertex sets Vi, V5 and V3
respectively. Reflexive: (i.e) To prove G = G. Imagine that the identity map
[:V — V such that I(u) = u for all w € V' . Clearly [ is a 1-1, onto map satisfying
Tnvi(u) = Tai(k(w)), Zyi(u) = Ini(k(uw)), Fyi(u) = Fyi(k(u)) and Ty (uv) =
Tann ((k(w)k(v)),Zan (wv) = Iyn((k(w)k(v)), Fan(uv) = Fan((k(uw)k(v)) for all
u,v e V.

Therefore [ is an isomorphism of the neighbourly streak erratic neutrosophic
fuzzy graph to itself. Hence [ satisfies reflexive relation.

Symmetric: To prove, if Gr1 = Gro then Gro = Gg;.

Assume Gri = Gpo. Let [: V7 — V5 be an isomorphism from Ggr; onto Gre such
that [(uy) = ug, for all uy € V4. This [ is a 1-1, onto map satisfying

Tni(ur) = Tna(l(u1)), Ini(ur) = Ino(l(ur)) and Fyi(ur) = Fo(l(u1))

Tarn(urv1) = Tae(L(ur)l(v1)), Lo (urv1) = Zppo(l(ur)l(v1)) and Fupp(ugvy) =
Farz(U(ur)l(v1))

Since [ is 1-1, onto, inverse exists. So, I7!(ug) = uy, for all uy € V.

Tl (ug)) = Tna(ur) Ini (17 (u2)) = Zno(ur) and Fyi (17 (uz)) = Fyalur)
for all uy € V5 and

T (7 (u) 7 (w)) = Tve(urv1), Iy (7 (ug)l ™ (ve)) = Zyo(uqvy) and Fyq (171
<UQ) l_l (UQ)) = .FN2<U1U1> for all Ug, Vg € ‘/2

Thus, [7': Vo, — V; is a 1-1, onto map which is an isomorphism from Grs to

Ori1.
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Transitive: To Prove: if Gpy = Gro and Gre = Gprs then Gy = Grs

Assume Gry = Gro. Let [: Vi — V5 be an isomorphism of Gr; onto Ggo
such that [(u;) = uy for all uy € V; satisfying Tni(u1) = Tyo(k(ur)) = Taz(uz),
Ini1(ur) = Ino(k(ur)) = Ina(ug), Fai(ur) = Fya(k(ur)) = Fao(ug) for all uy € V.

TMl(UﬂJl) = TM2<( )( 1) = TMz(UQU2) IMl(Ulvl) = IMQ(Z(Ul)l(Ul)) =
Lo (ugva) Fari(uivr) = Fara(l(ur)l(v1)) = Farz(ugve) for all uy, vy € V3.

Assume Gro = Ggrs. Let k: Vo — V3 be an isomorphism of Gro onto Ggs
such that k(ug) = ug for all uy € V; satisfying Tna(uz) = Tys(k(u2)) = Tas(us),
IN2<’LL2) == INg(]{?(Ug)) = INg(Ug),]:NQ(Ug) == .FNg(k?(UQ)) == ]:]\[3(’&3) for all U € ‘/2

Tna(ugva) = Tna(k(u2)k(v)) = Tns(usvs),Ina(ugva) = Inz(k(uz)k(vz)) =
IN3(U3U3), J—"NQ(UQUQ) = ng(k(Ug)k(Ug)) = .FNg(Ug’Ug) for all Ug, Vg € ‘/2

Since [: Vi — V5 and k: V5 — V3 are isomorphism from Ggr; onto Gre and Gro
onto Ggrs, then kol is 1-1, onto map from V; to V5. So, kol: V; — V3 where
(ko l)(u) = k(l(u))

Now, Tvi(u1) = Tz (l(u )) Tna(uz) = Ta(k(uz)) = Tns(k(l(ur)))

Ini(ur) = In2(l(ur)) = Ina(uz) = Ins(k(uz)) = Ins(k(l(u1)))

Fi(ur) = Fz(l(ur)) sz(Uz) Fs(k(uz)) = Fs(k(l(ur)))

)

Tvi(uiv1) = Ta(k(ui)l(v1)) = Tva(ugve) = Tra(k(uz)k(v2)
= Tns(k(l(u1)), k(I(v1)))

INl(ulvl) INQ( (U1)l(v1)) IN2(U2U2) IN3(/€(U2)/€(U2))
= Ins(k(l (UI)))i k(l(v1)))

~7:N1(U1U1) ]:NQ( Uy ( )) = ]:NQ(U2U2) = -7:N3(/€(U2)]€(U2))
= Fns(k(l(u1)), k(l(v1)))
Thus, k ol is an isomorphism between G, and Ggs.
Hence the isomorphism between the neighbourly streak erratic neutrosophic
fuzzy graphs is an equivalent relation.

3. Isomorphic Properties of py-Complement of Highly Streak erratic
Neutrosophic Fuzzy Graphs

Definition 3.1. Assume that H : (N, M) is a neutrosophic fuzzy graph where the
p-complement of H is defined as H : (A, B*), B* = (T}, Zh;, Fir)

Tn(m) ANTn(k) — Tar(mk) Ty (mk) >0

T (k) = {IM(mk:) — In(m)V In(k) Ty(mk) >0

M Ty (mk) =0
o (k) = {fM(mk)—FN(m)\/fN(k) Far(mk) > 0
M Fu(mk) =0
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Remark 3.2. Let the p-complement of highly erratic neutrosophic fuzzy graph need
not be highly streak erratic.

Theorem 3.3. Consider that the Gry and Ggro are the two highly streak erratic
neutrosophic fuzzy graphs. If Gr1 and Gro are isomorphic then p-complement of
Gr1 and Gro are similarly isomorphic but the complements may not be highly streak
erratic.
Proof. Assume that Gr; and Ggs are isomorphic where 1-1 and onto map [: V; —
V5 be suitable for

T (m) = Tw(I(m), Toe(m) = T (Um)) , F(m) = Fy(i(m))

T (mk) = Ta (L (m)U(K)), Zng(mk) = L (I(m)I(K)), Fur(mk) = Fu(l(m)l(k))

By definition of p-complement,

Tar(mk) = T (m) AT (k) = Tar(mk) = Tar(L(m)) AT (LK) = Ta (L(m)I(K))
Iy (mk) = Iy (m) NIy (k) — T (mk) = ((m)) A In(U(k)) —IM(l(m)l(/f))
T (mk) = F(m) AFn (k) = Far(mk) = Far(l(m)) A Fx(1(k)) = Far(l(m)1(F))

Hence gRl ~ gRQ

Definition 3.4. A neutrosophic fuzzy graph H is said to be self u-complementary
if H~ Hp,.

Theorem 3.5. Let H be self p-complementary highly streak erratic neutrosophic
fuzzy graph, then

S Tu(uv) = 53 Tn(u) A Ta(v) , S Ty(w) = 53 In(u) V Iy(v) and Y
fM(UU) = %E.FN(’U,) vV fN(U).
Proof. Let H be self u-complementary highly streak erratic neutrosophic fuzzy
graph. Since H ~ H*, there exists a 1-1 and onto map [: V' — V such that

Tn(u) = Ty(l(w) = Tn(l(u)), Zn(u) = Iy(l(u)) = In(l(u)) and Zy(u) =
Iy (l(w) = In(I(u))

Tu(uv) = Ty (l(w)l(v)), Zns(uv) = Ty ((u)l(v)) and Fi(uwv) = Fy(1(u)l(v))

By definition of -complement, we have

Tn(m) ATy (k) — Tayr(mk) Ty (mk) >0

Tt (mk) = (m) (k) (mk) TMEmki ~
T (k) = {IN(m)/\IN(k) — Tar(mk) Ty (mk) > 0

M Ty (mk) =0
Fo (k) = Fn(m) AN Fy(k) — Fy(mk)  Fuy(mk) >0

M Fu(mk) =0
Now, Ta(uv) = T (l(u)) A Ty (l(v)) = Tar(L(uw)l(v))
Tar(wv) + Tar(L(w)l(v)) = Tn({(w) A T ({(v)) = 2T (uwv) = T (u) A T (v)
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= QZTM(UU) = ZTN(U) A\ TN(U) = ZTM(UU) = %ZTN(U) A TN(U)
Similarly, we can show that > Zy/(wv) = 33 Zn(u) V Iy(v) and Y Fps(uv)
= %Z IN(U) V .FN(U).
Remark 3.6. Fven though G is highly streak erratic neutrosophic fuzzy graph with
S Tu(uwv) = 23S Ta(w) ATy (v) , 3 I (wo) = 33 In(u) VIn(v) and Y Far(wo)
=13 Fn(u) V Fn(v) then G need not be self p-complementary.

References

[1] Broumi S., et.al., Uniform Single Valued Neutrosophic Graphs, Neutrosophic
Sets and Systems, 17 (2017), 42-48.

[2] Broumi S., Talea M., Bakali A., Smarandache, Single valued Neturosophic
Graphs, IEEE International Conference on Fuzzy Systems, (2016), 2444-2451.

[3] Liangson Huang et. al., A Study of Regular and Irregular Neutrosophic Fuzzy
Graph with Real life Application, ) Mathematics, (2019), 551-571.

[4] Nagoorgani A., and Latha S. R., On Irregular Fuzzy Graphs, Applied Math-
ematical Sicences, 6 (2012), 517-523.

[5] Radha K., and Kumaravel N., Some Properties of Edge Irregular Fuzzy
Graphs, Jamal Academic Research Journal, (2014), 121-127.

[6] Ravi Narayanan S., and Murugesan S., Isomorphic Properties of Edge Irregu-
lar Intuitionistic Fuzzy Graphs , International Journal of Advanced Research
in Science and Engineering, Vol.6, No.10 (2017), 1967-1977.

[7] Sathiyabama S., and Rajaram S., Edge Irregular Neutrosophic Fuzzy Graphs,
(Communicated).

[8] Smarandache F., Neutrosophic overset, Neutrosophic under set and Neutro-
sophic offset, Pons Editions Brussels, (2016), 170 pages.

[9] Vasantha Kandasamy W. B., Ilanthenral K., Neutrosophic Graphs, A New
Dimension to Graph Theory, EuropaNova ASBL, (2015).

[10] Wang H., Smarandache F., Zhang Y, Single Valued Neutrosophic sets in
Multispace and Multistructure, Fuzzy systems, (2010), 410-413.



32

South FEast Asian J. of Mathematics and Mathematical Sciences



