2456-8686, vii(i), 2023 : 131-138
https://doi.org,/10.26524 /cm168

ORIGINAL RESEARCH Open Access

A Study On Different Types Of Product Of Anti Fuzzy

Graphs

Balakrishnan , Mohamed Ali A [ and Rama Murthi K
Received: 25 April 2023/ Accepted: 25 May 2023/ Published online: 19 June 2023
(©Sacred Heart Research Publications 2017

Abstract

In this article, we consider to obtain new anti fuzzy graph from given anti fuzzy graphs.
Product of anti fuzzy graphs is an operation on anti fuzzy graphs that produce new anti fuzzy
graph. We consider tensor, normal, modular anti fuzzy graphs products, which are adapted
from fuzzy graphs products. In general, product of any two anti fuzzy graphs is an anti fuzzy
graph. Product of any two strong anti fuzzy graphs is an anti fuzzy graph strong. Normal
product of two anti fuzzy graph complete is a complete anti fuzzy graph. Other than that,
different of anti fuzzy products are also discussed.
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1 Introduction

Fuzzy graphs are extensions of classical graphs that are developed based on
concepts on fuzzy logic and fuzzy relations in fuzzy set theory. If in the classic
graph each point and edges have a membership value of one or zero, then in the
fuzzy graph, each point and its edges have a membership value at interval [0,1]. The
membership value of each of these elements states the degree of membership of the
element in a fuzzy graph. Since fuzzy graph was introduced, the researchers began
to generalize and develop several studies in classical graphs into fuzzy graphs both in
theory and application. In application, fuzzy graph can be said as a topic that can
be applied in modern science and technology, especially in the fields of information
theory, neural networks, cluster analysis, medical diagnosis, and control theory. Dey
& Pal have applied fuzzy graphs to solve traffic light problems, and Swaminathan
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has applied fuzzy graphs to work allocation problems. Previously, Zadeh introduced
several concepts related to fuzzy graphs such as the concept of connectedness. As
results, more in-depth theoretical results about fuzzy graphs are resulted, including
who introduced the concepts of operations on fuzzy graphs, including joint operations,
intersection, cartesian results, and compositions of two fuzzy graphs. Next, Nirmala
& Vijaya determined a degree of point in cartesian product of two fuzzy graphs,

tensor, normal product, and composition of two fuzzy graphs.

2 Preliminaries

Definition 2.1 (anti fuzzy graph). A anti fuzzy graph G = (V,o,u) where o :
V —10,1] is fuzzy set in V and u : V xV — [0, 1] is anti fuzzy relation on E such that
w(uv) > o(u)VvVo(v) for all uv € E. We note that g is symmetric relation.

Definition 2.2 Fuzzy graph strong. A fuzzy graph G = (o, ) is called fuzzy graph
strong, when u (vivj) =o(vi)Ao (vj) for all (vi,vj) €E with ECV xV.

Definition 2.3 Anti fuzzy graph strong. A fuzzy graph G = (o, ) is called anti
fuzzy graph strong, when  (viv;) = o (v;)) Vo (v;) for all (v;,v;) €E with ECV x V.

Definition 2.4 Fuzzy graph complete. A fuzzy graph G = (o, ) is called fuzzy
graph complete, when u (v,-vj) =o(vj)Vo (vj) for all (vi,vj) eVxV.

Definition 2.5 Anti fuzzy graph complete. A fuzzy graph G = (o,u) is called
anti fuzzy graph complete, when p (viv;) = o (v;) Vo (v;) for all (vi,v;) €V x V.

Definition 2.6 Anti fuzzy graph complement. Let G = (o,u) is an anti fuzzy
graph. Anti fuzzy graph complement of G = (o,u) is G° = (6¢,u¢), where 6 =0
and u¢ (vivj) =u (V,’Vj) — 0O (V,‘) Vo (Vj) for all Vi, Vj € V.

Definition 2.7 Anti fuzzy graph null. Let G = (o,u) be an anti fuzzy graph. If
dg(u) =0 for all u € V, then G = (o,u) is called anti fuzzy graph null.

Lemma 2.8 Let G = (o,u) is an anti fuzzy graph complete, then G¢ = (o€, u¢) is
anti fuzzy graph null.
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Proof: 1t is sufficient to proof that dgc(u) = 0,Vu € V. By definition of anti fuzzy
graph null, then u (viv;) = o (vi)) Vo (vj) for all v;,v; € V. Therefore u¢(vj,v;) =
u (v,-vj) —o(vj))Vo (vj) =u (vivj) —u (v,-vj) = 0. Hence dg,.(v) =L u¢ (vi,vj) =0

Lemma 2.9 Let G= (o, u) is an anti fuzzy graph strong, then G¢ = (6, u°) is anti
fuzzy graph strong.

Proof: By definition of anti fuzzy graph strong, then there is exist v,v, € E and
vpvy ¢ E for some vp,v, € V. Hence E€# 0 and ECCV x V.

3 Tensor Product of Anti Fuzzy Graph

Definition 3.1 Tensor product of anti fuzzy graph. Let G; = (op,1;) dan
G, = (02, 2) be two anti fuzzy graphs with underlying vertex sets V; and V, and
edge sets &1 and & respectively. Then tensor product of G; and G, (denote by
G| ®Gy) is a pair of functions (0] ® 03, U] ® Up) with underlying vertex set Vi @V, =
{(ui,vj) |ui € Vi,v; € Vz} with

(01®062) (ui,v;) = 01 (i) V 02 (v;)

where w; € Vi and v; € VW, And  underlying edge  set
E1RE = {((u,-,vj) (uk,vl)) | Uil € €1,Vjv; € 82}, with

(,ul ®,U2) ((u,‘,v]') (uk,vl)) = U (uiuk) V Uy (vjvl) if u;uy € €,vjv € &.

Using above Definition, the following properties can be proved. We apply tensor
product on an arbitrary anti fuzzy graphs in Theorem [3.2] on anti fuzzy graphs strong
in Theorem [3.3] on anti fuzzy graphs complete in Theorem [3.4] and on anti fuzzy
graphs complement in Theorem and Theorem 3.6

Theorem 3.2 Tensor product of two anti fuzzy graphs is an anti fuzzy graph.
Proof: Let G| = (o1,11) and Gy = (02, 4p) are two an arbitrary of anti fuzzy graph.
Then by Definition, let (u,-,v j) € Vi ®V, be an arbitrary, then

(01®062) (ui,v;) = 01 (i) V 02 (v})

Since o1 (u;),02 (v;) € [0,1], then o1 (w;) Vo> (v;) € [0,1]. Hence (01®0) is
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fuzzy on Vi ®V,. Let ((u,',vj) (uk,vl)) € & ®E with wuy, € €1,Vjv; € &. Then
(i1 @ ) ((ui,v) (ur;vi)) = i (i) V po (vjvr).

Since
i (uiwy) > o1 (i) V 01 (ur)
and
o (viug) > 0 (uj) V o ()
Then

(W @ U2) ((ui,vj) (uk,vl)) > (o1 (uj) Vo (ug)) V ((72 (uj) V oy (ul))
(01 (ui) V 02 (uj)) V (01 (ug) V 02 ()

(1 @ t2) ((ui,v;) (ug,vi)) = (01 ® 62) (ui,v) V (01 @ 62) (ug, vi)

Theorem 3.3 Tensor product of two anti fuzzy graphs strong is an anti fuzzy graph
strong.

Proof: Let Gy = (o1,11) and G, = (02, 2) are two an arbitrary of anti fuzzy
graphs strong. Then by Definition, let (ui,vj) € Vi ®V, be an arbitrary, then
(61 ® (72) (I/t,',vj') = 0] (u,) V 0y (Vj). Since 0] (u,) , 00 (Vj) € [0, 1], then o (u,) V
(o) (Vj) S [0,1]. Hence (G] ®62) is fuzzy on Vi ®V,. Let ((u,-,vj) (uk,vl)) €EE REH
with wuy € £1,vjv; € &. Then (,ul ®,U2) ((ui,vj) (uk,vl)) = (u,-uk) V U (vjvl), by
Definition.

Since G| = (o1,U1) and Gy = (02, lUp) are anti fuzzy graphs strong, then w; (ujuy) =
o1 (u;) V o1 () and Uy (vjul) =0y (uj) V 03 (47). Therefore

(11 ® 12) ((ui,v;) (g, vp)) = (01 (i) V 01 () ) V (02 (u) V 02 (7))
(01 (i) vV 02 (1)) V (01 (i) V O ()

or

(11 @ ) ((ui,v;) (ug,vi)) = (61 ® 62) (ui,v) V (01 @ 62) (ug, vi)

Theorem 3.4 Tensor product of two anti fuzzy graphs complete is an anti fuzzy
graph strong.

Proof: Let Gy = (o1,11) and Gy = (02,2) are two an arbitrary of an anti fuzzy
graphs complete. Then by Lemma, G; and G; are an anti fuzzy graphs strong.
Therefore, by Theorem 3.3, G| ® G; is an anti graph strong.
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Theorem 3.5 Tensor product of an anti fuzzy graphs complete and its complement
is an anti fuzzy graph null.

Proof: Let G = (o,u) is an anti fuzzy graph complete, by Lemma G¢ = (o€, u¢)
is anti fuzzy graph null. Next, by definition of anti fuzzy graph null, E¢ = 0.
Consequently in the tensor product definition, we obtain (t; ® t) ((u1,vy) (uz,v2)) =
0,ujup € E dan vivy € E€.

Theorem 3.6 Tensor product of an anti fuzzy graphs strong and its complement is
an anti fuzzy graph strong.
Proof: Let G=(o,u) is an anti fuzzy graph strong, then directly by Theorem .

4 Normal Product of Anti Fuzzy Graph

Definition 4.1 Normal product of anti fuzzy graph. Let G; = (o1,u;) dan G =
(02,i2) be two anti fuzzy graphs with underlying vertex sets Vi and V; and
edge sets € and & respectively. Then normal product of G; and G, (denote by
G1AG,) is a pair of functions (01A0y, 41 A, ) with underlying vertex set Vi AV, =
{(ui,vj) ’ U € V],Vj S Vz} with

(61A62) (ui,vj) = 0] (I/t,‘) V oy (Vj)
where u; € Vi and v, € V. And  underlying edge  set
ENE = {((ui,vj) (uk,vl)) | ui = ug,vjv; € & or vj = vj,uiux € &1, }, with
o1 (u;j) Vo (vjvl) , if uj=uy and vjy; € &
(M1 A ) ((Uiﬂ’j) (ukvvl)) = Wi (uiug) V 02 (vj) , if wiu € & and v; = vy
i3 (u,-uk) V Uy (vjvl) , if ujuy, € & and ViV € &
Theorem 4.2 Normal product of two anti fuzzy graphs is an anti fuzzy graph.

Proof: Let G| = (o1,11) and G, = (02, lU2) are two an arbitrary of anti fuzzy graph.
Then by Definition, let (ui,vj) € ViAV; be an arbitrary, then

(01A07) (I/t,',vj') =01 (u;) V02 (vj)

Since o1 (), 02 (v;) € [0,1], then 6y (;) V02 (v;) € [0,1]. Hence (6A63) is fuzzy on
ViAV,. Let ((ui,vj) (uk,vl)) € 10
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Case 1 if u; = uy and vjv; € &. Then

(s 2ta) ((15,) () = 01 )V b ()
=01 (ui) Vor (u) Vi (vivy)
> 61 (u;) V o1 () V 02 (v) V 02 (v)
Next by associative property of real number
o1 (ui) V 61 (k) V 02 (vj) V 0 (v) = (01 (i) V 02 (vj)) V (01 (k) V 02 (W1)).
Therefore ( Ap) ((ui,v;) (ug,vi)) = (61862) (ui,v;) V (61262) (ug, vy).
Case 2 if wuy € & and vj =v;. Then
(1 Apz) ((wirvj) (e, vi)) = 02 (v)) V i (wiaae)
(vj) Voo (vi) V i (uiug)

(Vj) V 0y (vl) V 0] (u,‘) V 01 (uk)

I
S

v
S

Next by associative property of real number
(o) (vj) V 0oy (V[) V 01 (Ml) V 01 (uk) = ((71 (ul) V oy (Vj)) V (Gl (uk) V 0y (Vl)). Therefore
(,LL]A‘LQ) ((u,-,vj) (uk,vl)) > (6]&62) (u,-,vj) vV (G]AGQ) (uk,vl).

Case 3 if ujuy € & and v;v; € &. Then

(mAp2) ((uivj) (e, vi)) = (uinge) V p2 (vjvy)
> 0] (u,) V 0] (uk) V 0y (vj) V 0y (Vl)

= (o1 (i) Voo (vj)) V(01 () Vo2 (v))

Therefore (i Ap) ((ui,v;) (ue,vi)) = (61462) (ui,v;) V (01262) (ug, vi)

Theorem 4.3 Normal product of two anti fuzzy graphs strong is an anti fuzzy graph
strong.

Proof: Let G| = (o1,11) and G, = (02, Up) are two an arbitrary of anti fuzzy graph
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strong. Then by Definition, let (u,-,v j) € V1AV, be an arbitrary, then

(GlAﬁz) (u,-,vj) = 0] (Mi) V oy (Vj)

Since oy (;),0 (vj) € [0,1], then 6} (u;) V 02 (v) € [0,1]. Hence (01A0)) is fuzzy
on ViAV,. Let ((u,-,vj) (uk,vl)) € 10
Case 1 if u; = u; and vjv; € &. Then

(iAW) ((ui,v)) (we,vi)) =01 (i) V o (vjvi)
= 0] (u,) V 01 (uk) V Uy (vjvl)

= 0] (l/tl) V 01 (uk) V 0on (Vj) V 0on (vl)

Next by associative property of real number
1 (ui) vV 01 (ux) V 05 (vj) V 02 (v) = (01 () V62 (v;)) V (01 () vV 02 (v)). Therefore
(,LL]A,LQ) ((ui,vj) (uk,vl)) = (61A62) (ui,vj) V (Glﬁﬁz) (uk,vl).
Case 2 if ujuy € & and v; =v;. Then

(,Lllﬁ[iz) ((u,-,vj) (uk,vl)) =0 (Vj) V U (uiuk)

(o)) (Vj) V 0y (vl) V Uy (uiuk)

I
S

(vj) Vor (vi) vV or () V o (ug)

Next by associative property of real number
(o) (Vj) V 0oy (Vl) V o1 (u,‘) V 0] (uk) = (61 (ui) V 0y (Vj)) V (G] (uk) V 0oy (Vl)). Therefore
(,ulAuz) ((u,-,vj) (uk,vl)) = (GIAGQ) (u,-,vj) V (Glﬁﬁz) (uk,vl).

Case 3 if uju; € € and v;v; € &. Then

(ulﬁuz) ((ui,vj) (uk,vl)) =l (uiuk) V Uy (vjvl)

= 0] (u,) V 01 (I/tk> \VXe3) (Vj) V Oon (vl)

= (o1 (ui) Vo2 (v))) V(o1 (m) vV o2(vr))
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Therefore (,LL]A,LLQ) ((u,-,vj) (uk,vl)) = (G]A(Fz) (ui,vj) V (GlﬁGz) (uk,vl).

5 Conclusion

In this paper we have discussed about the fuzzy graphs and anti fuzzy graph.
Also we have discussed about the tensor product of anti fuzzy graphs, normal product
of anti fuzzy graphs.
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