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1.INTRODUCTION:

In 1965, Zadeh [11] introduced the notion of fuzzy set as a method of presenting uncertainty. Since complete information
in science and technology is not always available. Thus we need mathematical models to handle various types of systems
containing elements of uncertainty. After that Rosenfeld [9] introduced fuzzy graphs. Fuzzy graphs are useful to represent
relationships which deal with uncertainty and it differs greatly from classical graph. It has numerous applications to
problems in computer science, electrical engineering system analysis, operations research, economics, networking routing,
transportation, etc. NagoorGani.A [7, 8] introduced a fuzzy graph and regular fuzzy graph. Multi fuzzy set was introduced
by Sabu Sebastian, T.V. Ramakrishnan [10]. After that the fuzzy sets have been generalized with fuzzy loop and fuzzy
multiple edges, this type of concepts was introduced by K. Arjunan and C. Subramani [1,2]. In this paper a new structure is

introduced that is multi fuzzy graph and some results of multi fuzzy graph are stated and proved.
2. PRELIMINARIES:

2.1[8] Definition. Let X be any nonempty set. A mapping M: X —> [0,1] is called a fuzzy subset of X.
2.2 Example. A fuzzy subset A={ (a, 0.4), (b, 0.7), (c, 0.2) }of aset X ={a, b, c}.

2.3[7] Definition. A multi fuzzy subset A of a set X is defined as an object of the form A = { { x, A1(x), A2(x), A3(X), ..., An(X)

Y / xeX}, where A;. X—[0, 1] for all i. Here A is called multi fuzzy subset of X with dimension n. It is denoted as
A=(A1 Az A, .., Ap).

2.4 Example. Let X ={ a, b, c } be a set. Then A = {(a, 0.4, 0.3, 0.7), (b, 0.2, 0.7, 0.8), { ¢, 0.4, 0.1, 0.5) } is a multi fuzzy subset

of X with the dimension three.

2.5[7] Definition. Let A and B be any two multi fuzzy subsets of a set X with dimension n. We define the following

relations and operations:
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(i) A ¢ Bifand only if Ai(x) < Bi(x) for all i and for all xeX.

(ii) A = B if and only if Ai(x) = Bi(x) for all i and for all xeX.

(iii) Ac=1-A = (1-A4, 1-A;, 1-A;3,..,1-An), Aic(X) = 1-Ai(x) for all i, for all xeX.
(iv) AnB ={( x, min{A1(x), B1(x)}, min{A2(x), B2(x)},...min{Ax(x), Ba(x)})/ xeX}.
(v) AUB={(x, max{A1(x), B1(x)}, max{Az(x),B2(x)},...max{An(x), Ba(x)}) / x€X}.

2.6 Example.A={<2a,0.6,0.2,0.4>,<b,0.3,04,0.5><¢,0.2,04,06>}and B={<2a,0.5,0.3,08><b,0.1,0.3,0.7>, <,
0.2,0.1, 0.6 > } are multi fuzzy subsets of X = { a, b, c }. Then

(i) ANB={<a, 0.5,02 04> <b,0.1,0.3,0.5> <c,0.20.1,0.6 > }.
(i) AUB = {<a,0.6,0.3,08 > <b,0.3,04, 0.7 > <, 0.2, 0.4,0.6> }.
(i) AC= { <a,0.4,0.8,0.6 >, <, 0.7, 0.6, 0.5 >, < ¢, 0.8, 0.6, 0.4 > }.

2.7 Definition. Let M be a multi fuzzy subset in a set S, the strongest multi fuzzy relation on S, that is a multi fuzzy

relation V with respect to M given by Vi(x,y) = min { Mj(x), Mj(y) } for all xand y in S and for all i.

2.8 Definition. Let V be any nonempty set, E be any set and f: E — VxV be any function. Then A = (A4, Az, Az,..., An) is a

multi fuzzy subset of V, S is a multi fuzzy relation on V with respect to A and B = { By, By, B3, ..., By ) is a multi fuzzy subset of

E such that Bi(e) < Si (X, y) for all i. Then the ordered triple F = (A, B, f) is called a multi fuzzy graph, where the
ecf(x,y)

elements of A are called multi fuzzy points or multi fuzzy vertices and the elements of B are called multi fuzzy lines or
multi fuzzy edges of the multi fuzzy graph F. If f(e) = (%, y), then the multi fuzzy points (x, Ai(x) ), (v, Ai(y) ) for all i, are
called multi fuzzyadjacent points and multi fuzzy points (x, Ai(x) ) for all i, multi fuzzy line (e, Bi(e) ) for all i, are called
incident with each other. If two district multi fuzzy lines (es, Bi(e1) ) and (e, Bi(ez) ) for all i, are incident with a common

multi fuzzy point, then they are called multi fuzzy adjacent lines.
2.9 Definition. A multi fuzzy line joining, a multi fuzzy point to itself is called a multi fuzzy loop.

2.10 Definition. Let F = (A, B, f) be a multi fuzzy graph. If both multi fuzzy loops and multi fuzzy multiple edges, then the

multi fuzzy graph F is called a multi fuzzy pseudo graph.

2.11 Definition. F = (A, B, f) is called a multi fuzzy simple graph if it has neither multi fuzzy multiple lines nor multi

fuzzy loops.

2.12 Example. F = (A, B, f), where V = {v1, v3, v3, v4, vs}, E={a, b, ¢, d, e, h, g }and f: E—>VxV is defined by f(a) = (v1, v2) ,
f(b) = (v2, v2), f(c) = (v2, v3), f(d) = (v3, v4), f(€) = (v3, va), f(h) = (va, vs), f(g) = (v1, vs). A multi fuzzy subset A = {(v4, 0.2, 0.4,
0.7), (v2, 0.3, 0.5, 0.8), (v3, 0.4, 0.6, 0.8), (v4, 0.2, 0.5, 0.8), (vs, 0.5, 0.6, 0.8) } of V. A multi fuzzy relation S = { ((v1, v1), 0.2,
0.4,0.7), ((v1, v2), 0.2, 0.4, 0.7), ((v1, v3), 0.2, 0.4, 0.7), ((v1, va), 0.2, 0.4, 0.7), ((v1, vs), 0.2, 0.4, 0.7), ((v2, v1), 0.2, 0.4, 0.7), ((v2,
v2), 0.3, 0.5, 0.8), ((vz, v3),0.3, 0.5, 0.8), ((v2, v4), 0.2, 0.5, 0.8), ((v2, vs), 0.3, 0.5, 0.8), ((v3, v1), 0.2, 0.4, 0.7), ((v3, v2), 0.3,
0.5, 0.8), ((v3, v3) ,0.4, 0.6, 0.8), ((v3, v4), 0.2, 0.5, 0.8), ((v3, vs), 0.4, 0.6, 0.8), ((vs, v1), 0.2, 0.4, 0.7), ((va4, v2), 0.2,0.5,0.8),
((v4, v3), 0.2, 0.5, 0.8), ((v4, v4), 0.2, 0.5, 0.8), ((vs, vs), 0.2, 0.5, 0.8), ((vs, v1),0.2, 0.4, 0.7), ((vs, v2), 0.3, 0.5, 0.8), ((vs, v3), 0.4,
0.6, 0.8), ((vs, va), 0.2, 0.5, 0.8), ((vs, vs), 0.5, 0.6, 0.8) } on V with respect to A= (A1, Az, As, ..., An) and a multi fuzzy
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subset B = { (a, 0.2, 0.4, 0.6), (b, 0.2, 0.3, 0.4), (c, 0.3, 0.5, 0.7), (d,0.2,0.3, 0.6), (e, 0.1, 0.3, 0.5), (h, 0.2, 0.2, 0.5), (g, 0.2,
0.4, 0.7) Jof E.

(v1,0.2,0.4,0.7)
(9,0.2,0.4,0.7) (a,0.2,0.4,0.6) (6.0.2,03,0.4)
(vs,0.5,0.6,0.8)
(v2,0.3,0.5,0.8)
h,0.2,0.2,0.5
( ) (d,0.2,0.3,0.6) (c,0.3,0.5,0.7)
v4,0.2,0.5,0.8 v3,0.4,0.6,0.8
(Ve ) (€0.1.0305) (vs )
Fig. 2.1

In figure 1.1, (i) ( v1, 0.2, 0.4, 0.7 ) is a multi fuzzy point. (ii) (a, 0.2, 0.4, 0.6 ) is a multi fuzzy edge. (iii) ( v1, 0.2, 0.4, 0.7 ) and
( vz, 0.3,0.5, 0.8 ) are multi fuzzy adjacent points. (iv) ( a, 0.2, 0.4, 0.6 ) join with ( vy, 0.2, 0.4, 0.7 ) and ( v, 0.3, 0.5, 0.8 )
and therefore it is incident with ( vy, 0.2, 0.4, 0.7 ) and ( vz, 0.3, 0.5, 0.8 ). (v) (1, 0.2,0.4, 0.6) and (g, 0.2, 0.4, 0.7) are
multi fuzzy adjacent lines. (vi) (b, 0.2, 0.3, 0.4) is a multi fuzzy loop. (vii) (d, 0.2, 0.3, 0.6) and (e, 0.1, 0.3, 0.5) are
multi fuzzy multiple edges. (viii) It is not a multi fuzzy simple graph. (ix) It is a multi fuzzy pseudo graph.

2.13 Definition. The multi fuzzy graph H = (C, D, f) is called a multi fuzzy subgraph of F = (A, B, f) if Cc A and Dc B.

2.14 Definition. The multi fuzzy subgraph H = (C, D, f) is said to be a multi fuzzy spanning subgraph of F = (A, B, f) if C=
A.

2.15 Definition. The multi fuzzy subgraph H = (C, D, f) is said to be a multi fuzzy induced sub graph of F = (A, B, f) if H is

the maximal multi fuzzy subgraph of F with multi fuzzy point set C.

2.16 Definition. Let F = (A, B, f) be a multi fuzzy graph with respect to the sets V and E. Let C be a multi fuzzy subset of V,
the multi fuzzy subset D of E is defined as Di(e) = Ci(u)nCi(v)nBi(e) for all i, where f(e) = (u, v) for all e in E. Then
H = (C, D, f) is called multi fuzzy partial subgraph of F.

2.17 Definition. Let F = (A, B, f) be a multi fuzzy graph. Let (x, Ai(x) ) € A for all i. The multi fuzzy sub graph of F obtained
by removing the multi fuzzy point (x, Ai(x) ) for all i and all the multi fuzzy lines incident with (x, Ai(x) ) for all i, is
called the multi fuzzy subgraph obtained by the removal of the multi fuzzy point (x, Ai(x) ) for all i and is denoted F—(x,
A(x) ). Thus if F—(x, A(x) ) = (C, D, f) then C = A—{ (x, A(x) ) } and D = { (e, B(e)) /(e, B(e) ) € B and (x, A(x) ) is not incident
with (e, B(e) ) }. Clearly F—(x, A(x) ) is multi fuzzy induced subgraph of F. Let (e, B(e) )eB. ThenF — (e, B(e) ) = (A, D, f)
is called multi fuzzy sub graph of F obtained by the removal of the multi fuzzy line (e, B(e)), where D = B—{(e, B(e) )}.
Clearly F— (e, B(e) ) is an multi fuzzy spanning sub graph of F which contains all the lines of F except (e, B(e) ). Here B(e)
means ( Bi(e), B2(e),..., Ba(e) ) and  A(x) means ( A1(x), A2(%),-..., An(X) ).

2.18 Definition. By deleting from a multi fuzzy graph F all multi fuzzy loops and in each collection of multi fuzzy multiple
edges all multi fuzzy edge but one multi fuzzy edge in the collection we obtain a multi fuzzy simple spanning subgraph F,

called multifuzzy underling simple graph of F.

© 2019,IRJET | ImpactFactorvalue:7.34 | 1SO9001:2008 Certified Journal | Page 1882



’,/ International Research Journal of Engineering and Technology (IRJET)

JET Volume: 06 Issue: 12 | Dec 2019 www.irjet.net

e-ISSN: 2395-0056
p-ISSN: 2395-0072

2.19 Example.

(v1 0.4,0.7,0.9)

(9.0.3,0.6,0.8) (3 0.3,0.6,0.7)
4 (b, 0.2,0.4,0.5)
(v5,0.3,0.8,0.9) (h,0.2,0.5,0.6)
(i,0.3,0.6,0, (v2,0.3,0.6,0.8)
(1,0.3,0.7,0.8)
020506) | (¢0-20507)
(v4,0.5,0.7,0.8)

(€0.1,0.407)  (v30.2,05,0.9)

Fig. 2.2 A multi fuzzy pseudo graph F

(v1.0.4,0.7,0.9)

9. 0-2,0-4,0-6)/ (b, 0.2,0.3,0.4)

(v50.3,0.8,0.9)
(v,03.0.60.7)
(,0.305,08) (c, 0.1,0.4,0.6)
(v40.4,0.5,0.8) (v20.2,0.5,0.9)

(€,0.1,0.4,0.6)

Fig. 2.3 A multi fuzzy subgraph of F

(v1 0.4,0.7,0.9)

(9,0.3,0.7,0.8) (3, 0.3,0.6,0.7)
b.02,0.4,0.5)
(v5,0.3,0.8,0.9)
(v2,0.3,0.6,0.8)
,0.3,0.7,0.
(1,0.3,0.7,0.8) €02.05,07)
(v4,0.5,0.7,0.8)

(¢,0.1,0.4,0.7) (v3,0.2,0.5,0.9)

Fig. 2.4 A multi fuzzy spanning subgraph of F
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(v1 0.4,0.7,0.9)
(g, 0.3,0.7,0.8)

(vs 0.3.0.8.0.9)

(j, 0.3,0.7,0.8)
(d. 0.2.0.5.0.6)

—

(v2 0.5,0.7.0.8) (e, 0.1,.0.4.0.7) (v 0.2,0.5.0.9)

Fig. 2.5

A multi fuzzy subgraph induced by P = {v4, v3, v4, vs}

(v10.3,0.5,0.6)
(g, 0.1,0.3,0.5)

(vs 0.1.0.3.0.5)

(i, 0.1,0.3,0.5)
(d, 0.2,0.3,0.6)

(va 0.3.0.5.0.7) (e.0.1.0.3.0.6) (v-0.2.0.3.0.6)

Fig. 2.6

A multi fuzzy partial subgraph induced by C, where C(v1) = (0.3, 0.5, 0.6), C(v3) = (0.2, 0.3, 0.6), C(v4) = (0.3, 0.5, 0.7),
C(vs) =(0.1,0.3,0.5)

(9, 0.3,0.7,0.8) (v1,0.4,0.7,0.9)

(vs 0.3,0.8,0.9)

(j, 0.3,0.7,0.8)
(d, 0.2,0.5,0.6)

~

(va0.50.7.08) (0 01,0407)  (v30.2050.9)

Fig. 2.7 F—(v2,0.3,0.6,0.8)
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(v1 0.4,0.7,0.9)

(9,0.3,0.6,0.8) (a,0.3,0.6,0.7)
(vs,0.3,0.8,0.9) (h0.20.50.6 (v2,0.3,0.6,0.8)
(1,0.3,0.6,0,
(,0.3,0.7,0.8) (c,0.2,0.5,0.7)
10.2,0.5,0.6)
(v4,0.5,0.7,0.8) (0.1,0.40.7) (v3,0.2,0.5,0.9)

Fig.2.8 F-(b,0.2,0.4,0.5)

(v1 0.4,0.7,0.9)
(9,0.3,0.6,0.8)

(a,0.3,0.6,0.7)

(vs,0.3,0.8,0.9) (v2,0.3,0.6,0.8)
(1,0.3,0.7,0.8) (c,0.2,0.5,0.7)
(v4,0.5,0.7,0.8) (v3,0.2,0.5,0.9)

(e,0.1,0.4,0.7)
Fig. 2.9 Underling multi fuzzy simple graph of F.

2.20 Definition. Let A be a multi fuzzy subset of X then the level subset or Ol - cutof Ais AOL ={xeA /A(x)2 o b

where o € [0,1] for all i. Here o means (o1, a2, -y Oln).

Note: o means (o, 0z, ..., 0n) and p means (B1, Bz, -, Bn) -

2.21 Theorem. Let F = (A, B, f) be a multi fuzzy graph with respect to the set V and E. Let o, B€[0,1] and o < B .Then (
AB , Bﬁ ,f) is a subgraph of (A, B_ .f).

Proof. The proof follows from definition 2.20.

2.22 Theorem. Let F = (A, B, f) be a multi fuzzy graph with respect to the set V. and E, the level subsets A, B_ of A and

B subset of V and E respectively. Then  F, = (A, By, f) is a subgraph of G = (V, E, f).
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Proof. The proof follows from definition 2.20.

2.23 Theorem. Let H = (C, D, f) be a multi fuzzy subgraph of F = (A, B, f) and o €[0,1]. ThenH - (C, D , f) is a subgraph
of Fa= (A, B, f).

Proof. Let H = (C, D, f) be a multi fuzzy subgraph of F = (A, B, f) and a € [0,1]. Suppose u€ C, = Ci(u) > 00 . => Ai(u) >

Ci(w) > O, = Aj(u) > QL forall i = u€A_ Therefore C <A .Lete€D =>Di(e) > O, =>Bi(e) 2 Di(e) 2 ;

= Bi(e) > o, for all i. Therefore D <B_. Thus H_is a subgraph of Fa.

2.24 Definition. Let A be a multi fuzzy subset of X. Then the strong level subset or strong a-cut of A is A,.={x€A/
Ai(x) >}, where o €[0,1].

2.25 Theorem. Let F = (A, B, f) be a multi fuzzy graph with respect to the set V and E. Let o, € [0,1] and ot < B .Then (Ag-,
Bg-, f) is a subgraph of (A, Bgs, f).
Proof. The proof follows from definition 2.24 and Theorem 2.23.

2.26 Theorem. Let F = (A, B, f) be a multi fuzzy subgraph with respect to the set V and E, the strong level subsets A+, B+
of A and B subset of V and E respectively. Then F . = (Ay+, Bos, f) is a subgraph of G = (V, E, f).

Proof. The proof follows from definition 2.24 and Theorem 2.25.

2.27 Theorem. Let H = (C, D, f) be a multi fuzzy subgraph of F = (A, B, f) and o €[0,1]. Then Hg+ = (Cos, Dy, f) is @
subgraph of F,: = (Ag+, Bes, ).

Proof. Let H = (C, D, f) be a multi fuzzy subgraph of F = (A, B, f) and & € [0,1]. Suppose ueCy. = Ci(u) > o = Ai(u) > C;(u)
> o = Ai(u) > o, for all | => ueA,.. Therefore C,. < A+ Let eeDy. = Di(e) > o => Bi(e) = Di(e) > ai = Bi(e) > a for all

i. Therefore D+ < B+ . Hence H,. is a subgraph of F..

2.28 Theorem. Let F = (A, B, f) be a multi fuzzy subgraph with respect to the set V and E, let o, B€[0,1] and Fyand Fg be
two subgraphs of G. Then (i) F«nFgis a subgraph of G. (ii) F« UFgis a subgraph of G.

Proof. Since Aqand Agare subset of V. Clearly Fo "Fgis a subgraph of G. Also FqUFgis a subgraph of G.

2.29 Definition. Let F = (A, B, f) be a multi fuzzy graph. Then the degree of a multi fuzzy vertex is defined by
d(v) = Z B(e)+2 Z B(€). Where B(e) means ( Bi(e), Bz2(e), ..., Ba(e) ) and d(v) means ( di(v), dz(V), ...,

ee f(u,v) ee f(v,v)

dn(v) ).

2.30 Definition. The minimum degree of the multi fuzzy graph F = (A, B, f) is  8(F) = A{d(v)/veV} and the maximum
degree of F is A(F) = v{d(v)/veV}.

2.31 Definition. Let F = (A, B, f) be a multi fuzzy graph. Then the order of multi fuzzy graph F is defined to be o(F) =
Z A(V), where A(v) means (A1(v), A2(V), .., An(V) ).

veV
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2.32 Definition. Let F = (A, B, f) be a multi fuzzy graph. Then the size of the multi fuzzy graph F is defined to be
S(F)= Z B(e). Where B(e) means (Bi(e), Bz(e), .., Bn(e) ).

ee f1(u,v)

2.33 Example.

b, 0.2,0.3,0.5)
(a,0.2,0.4,0.7)
(u, 0.3,0.5,0.8)

(v, 0.5,0.6,0.8)
(f, 0.3,0.4,0.6)
(e,020406) | (6010305

(W,0407.09) (4020507  (%020507)

Fig.2.10 Multi fuzzy graph F

Here d(u) = (0.5, 0.8, 1.3), d(v) = (0.7, 1.3, 2.2), d(w) = (0.7, 1.3, 1.9), d(x) = (0.5, 1.2, 1.8), 3(F) = (0.5, 0.8, 1.3),
A(F) = (0.7, 1.3,2.2), o(F) = (1.4, 2.3,3.2), S(F) = (1.2, 2.3, 3.6).

2.34 Remark. 0 < 5(F) < A(F), where 0 means (0, 0,..,0).

2.35 Theorem. The sum of the degree of all multi fuzzy vertices in a multi fuzzy graph is equal to twice the sum of the

membership value of all multi fuzzy edges. i.e., > d(v)=2S(F).
veV

Proof. Let F = (A, B, f) be a multi fuzzy graph with respect to the set Vand E. Since degree of a multi fuzzy vertex denote
sum of the membership values of all multi fuzzy edges incident on it. Each multi fuzzy edges of F is incident with two multi
fuzzy vertices. Hence membership value of each multi fuzzy edge contributes two to the sum of degrees of multi fuzzy

vertices. Hence the sum of the degree of all multi fuzzy vertices in a multi fuzzy graph is equal to twice the sum of the

membership value of all multi fuzzy edges. i.e., > d(V) =2S(F).
veV

2.36 Theorem. Let F be any multi fuzzy graph and P be the number of multi fuzzy vertices. Then §(F) < < A(F).

2S(F)
P

Proof. Suppose F = (A, B, f) any multi fuzzy graph with P-vertices. If every multi fuzzy vertex has degree 9, then
> d(v) = X 6 =P3.If every multi fuzzy vertex has degree A, then > d(V) = Y A=PA. Butz5 SZd (v) SZA
veV

veV veV veV

25(F)
P

veV veV veV

—> P56 < 2S(F) < PA. Hence 4(F) < <A(F).
2.37 Theorem. Let F = (A, B, f) be a multi fuzzy graph with number of multi fuzzy vertices n, all of whose multi fuzzy
vertices have degree s or t. If F has p-multi fuzzy vertices of degree s and n—p multi fuzzy vertices of degree t then

S(F) = p(s —2t) + nt _
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Proof. Let Vi be the set of all multi fuzzy vertices with degree s. Let V be the set of all multi fuzzy vertices with degree t.

Then Y d(v) = X d(v)+ > d(v)  whichimplies that 2S(F) = ps + (n—p)t which implies that S(F) = M .
veV veVy veV,

3. MULTI FUZZY REGULAR GRAPH:

3.1 Definition. A multi fuzzy graph F = (A, B, f) is called multi fuzzy regular graph if d(v) = k for all v in V, where d(v)
means ( d1(v), d2(v), .., da(v) ) and k means ( ki, kz,....., kn ).

3.2 Remark. F is a multi fuzzy k-regular graph if and only if 6 = A = k.

3.3 Example.
e, 0.1,0.2,0.2)
(v1,0.2,0.5,0.7)
(a.0.2.0.40.6) (d, 0.2,0.4,0.6)
(b, 0.2,0.4,0.5
(V2 0.3,0.6,0.8) (v3,0.3,0.6,0.8)
(c, 0.2,0.4,0.5)
Fig.3.1

Here d(v1) = (0.6, 1.2, 1.6), d(v2) = (0.6, 1.2, 1.6), d(v3) = (0.6, 1.2, 1.6), 6 =(0.6,1.2,1.6), A=(0.6,1.2, 1.6).
Clearly it is a multi fuzzy (0.6, 1.2, 1.6)- regular graph.

3.4 Definition. A multi fuzzy graph F = (A, B, f) is called a multi fuzzy complete graph if every pair of distinct multi fuzzy

vertices are multi fuzzy adjacent and Bi (e) = Si (X, y) for all x, y in V and for all i.
ee f7H(xy)

3.5Definition. A multi fuzzy graph F = (4, B, f) is a multi fuzzy strong graph if Bi (e) = Si (X, y) for all e in E and for
ee 7 (x,y)

all i.
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3.6 Example.
(b, 0.2,0.3,0.7)
(v1,0.1,0.3,05) (& 0.1,0.3,0.5)

(v2 0.2,0.3,0.7)

(e,0.1,0.3,0.5) (c,0.2,0.3,0.7)

(v4,0.2,0.5,0.7) (d,020507) (¥030608)

Fig. 3.2 A multi fuzzy strong graph

(V1 0.4,0.6,0.9)

10.2,0.5,0.8
@ ) (c, 0.1,0.3,0.6)

(V210.2,0.5,0.8) (b, 0.1,0.3,0.6) (V3,0.1,0.3,0.6)

Fig. 3.3 A multi fuzzy complete graph

3.7 Remark. Every multi fuzzy complete graph is a multi fuzzy strong graph. A multi fuzzy strong graph need not be
multi fuzzy complete graph from the fig.3.2.
3.8 Theorem. If F is a multi fuzzy k-regular graph with p-multi fuzzy vertices. Then S(F) = p?k .
Proof. Given that the multi fuzzy graph is a multi fuzzy k-regular graph, so d(v) =k for all vin V. Here there are p-multi
fuzzy vertices, so ZV d(v) = Z;‘/ K = pk which implies that S(F) = p?k

= ve

3.9 Remark. In a crisp graph theory any complete graph is regular. But in this multi fuzzy graph, every multi fuzzy
complete graph need not be multi fuzzy regular graph. In fig. 3.3, it is a multi fuzzy complete graph but not a multi fuzzy
regular graph since d(v1)=(0.3, 0.8, 1.4), d(v2)=(0.3, 0.8, 1.4), d(v3)=(0.2, 0.6, 1.2).

3.10 Theorem. Let F = (A, B, f) be multi fuzzy complete graph and A is constant function. Then F is a multi fuzzy regular
graph.

Proof. Since A is a constant function, so A(v) = k (say) for all v in V and F is a multi fuzzy complete graph, so

Bi (e) = Si (X, Y) for all x and y in V and for all i and x+y. Therefore membership values of all multi fuzzy edges are k.
eef(xy)

Hence d(v) = (p—1) kforall vin V.
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3.11 Remark. Let F = (A, B, f) be multi fuzzy complete graph with p-multi fuzzy vertices and A(v) = k for all vin V. Then F
is a multi fuzzy (p—1)k -regular graph.

3.12 Theorem. If F = (A, B, f) is multi fuzzy complete graph with p-multi fuzzy vertices and A is constant function then sum

of the membership values of all multi fuzzy edges is @A(v) forallvinV.i.e, S(F) =rC2A(v), forallvin V.

Proof. Suppose F is a multi fuzzy complete graph and A is a constant function.

Let A(v) =k forall vin Vand d(v) = (p-1) k forall vin V. Then » d(v) = > (p —1)k which implies that 2S(F) = p(p-1)

veV veV

k. Hence S(F) = @ k.

i.e, S(F)=rC2A(v) forallvin V.
3.13 Definition. Let F = (A, B, f) be a multi fuzzy graph. The total degree of multi fuzzy vertex v is defined by dr(v) =

> B(e)+2 ZI: B(e;)+A(V) = d(v) + A(v) forall vin V.

eief 2 (u;,v) eief 2 (v,v)

3.14 Definition. A fuzzy graph F is multi fuzzy k-totally regular graph if each vertex of F has the same total degree k.

3.15 Example.

(v1,0.2,0.4,0.7) (e,0.1,0.2,0.2)

(3, 0.2,0.4,0.5) (d, 0.2,0.4,0.6)

(v2,0.3,0.5,0.9) (c.0.1,0.4,0.4)

(v3 0.3,0.5,0.8)

Fig.3.4

Here dr(v1) = (0.8, 1.6, 2.2), dr(v2) = (0.8, 1.6, 2.2), dr(v3) = (0.8, 1.6, 2.2), it is multi fuzzy (0.8, 1.6, 2.2)-totally regular
graph.

3.16 Example. Fig 3.1 it is a multi fuzzy regular graph, but it is not a multi fuzzy totally regular graph since dr(v1) = (0.8,
1.7, 2.3), dT(Vz) = (0.9, 1.8, 24) and dT(Vl) * dT(Vz).

3.17 Example. Fig 3.4, it is a multi fuzzy totally regular graph but it is not a multi fuzzy regular graph since d(v1) = (0.6,
1.2,1.5),d(v2) = (0.5, 1.1, 1.4) and d(v1) # d(v2).
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3.18 Example.

(v1,0.2,0.4,0.7) 7 (6,010202)

(d, 0.2,0.4,0.6)

(a, 0.2,0.4,0.6)
(b, 0.2,0.4,0.5)
(c. 0.2,0.4,0.5)

(V2 0.2,0.4,0.7) (v3 0.2,0.4,0.7)

Fig.3.5

Here d(vi) = (0.6, 1.2, 1.6) for all i, dr(vi) = (0.8, 1.6, 2.3) for all i. It is both multi fuzzy regular graph and multi fuzzy totally

, (e,0.1,0.2,0.2)

(d, 0.2,0.4,0.6)

regular graph.

3.19 Example.

(v1, 0.2,0.4,0.7)

(a,0.2,0.4,0.5)

(V2 0.3,0.4,0.6)

(v30.4,0.6,0.9)

(c, 0.2,0.4,0.4)

Fig.3.6

Here d(v1) = (0.6, 1.2, 1.5), d(v2) = (0.6, 1.1, 1.4), d(v3) = (0.6, 1.1, 1.5), dr(v1) = (0.8, 1.6, 2.2), dr(v2) = (0.9, 1.5, 2.0),
dr(vs) = (1.0, 1.7, 2.4), it is neither multi fuzzy regular graph nor multi fuzzy totally regular graph.

3.20 Theorem. Let F= (A, B, f) be multi fuzzy complete graph and A is constant function. Then F is a multi fuzzy totally
regular graph.

Proof. By theorem 3.10, clearly F is multi fuzzy regular graph. i.e.,, d(v) = (p—1)k for all v in V. Also given A is constant
function. i.e,, A(v) =k forall vin V. Then  dr(v) = d(v)+ A(v) = (p—1)k + k = pk - k +k = pk for all vin V. Hence F is multi
fuzzy totally regular graph.

3.21 Remark. Let F be a multi fuzzy complete graph with p-multi fuzzy vertices and A(v) = k for all vin V. Then F is a multi
fuzzy pk-totally regular graph.

3.22 Theorem. Let F = (A, B, f) be a multi fuzzy regular graph. Then H = (C, B, f) is a multi fuzzy totally regular graph if C(v)

n
= Z A(V,) < 1forall viin V.
i1
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n
Proof. Assume that F = (A, B, f) is a multi fuzzy k- regular graph. i.e., d(vi) = k for all v; in V. Given C(v) = z A(Vi) <1 forall
i=1
viin V. Then C(v;) = ki(say) for all vi in V and drap(vi) = d(vi) + C(vi) = k + ky for all viin V. Hence H is multi fuzzy totally
regular graph.

3.23 Theorem. Let F = (A, B, f) be a multi fuzzy graph and A is a constant function ( ie. A(v) = c (say) for all veV ). Then F is
multi fuzzy k-regular graph if and only if F is multi fuzzy (k + c)-totally regular graph.

Proof. Assume that F is a multi fuzzy k-regular graph and A(v) =cforall vin V, so d(v) =k for all vin V. Then dr(v) = d(v) +
A(v)=k + cfor all vin V. Hence F is multi fuzzy (k + c)-totally regular graph. Conversely, Assume that F is multi fuzzy
(k + c)-totally regular graph. ie., dr(v) = k + c for all v in V which implies that d(v) + A(v) = k + ¢ for all v in V implies that
A(v) =cfor all vin Vimplies that d(v)+c =k + cfor all vin V. Therefore d(v) = k for all v in V. Hence F is multi fuzzy k-
regular graph.

3.24 Theorem. If F = (A, B, f) is both multi fuzzy regular graph and multi fuzzy totally regular graph then A is a constant
function.

Proof. Assume that F is a both multi fuzzy regular graph and multi fuzzy totally regular graph.

Suppose that A is not constant function. Then A(u) # A(v) for some u, v in V. Since F is a multi fuzzy k-regular graph. Then

d(u) = d(v) = k. Then dr(u) # dr(v) which is a contradiction to our assumption. Hence A is a constant function.

3.25 Remark. Converse of the above theorem need not be true.

(e,0.1,0.2,0.3)
(v1, 0.4,0.6,0.9)

(3,0.2,0.4,0.5) (d, 0.3,0.4,0.6)

(b, 0.1,0.2,0.5)

(V2 0.4,0.6,0.9) (v3 0.4,0.6,0.9)

(c, 0.3,0.5,0.7)

Fig.3.7

Here A(vi) = (0.4, 0.6, 0.9) for all i, d(v1) = (0.7, 1.2, 1.7), d(v2) = (0.6, 1.1, 1.7), d(v3) = (0.7, 1.1, 1.8), dr(v1) = (1.1, 1.8, 2.6),
dr(vz) = (1.0, 1.7, 2.6), dr(vs) = (1.1, 1.7, 2.7). Hence F is neither multi fuzzy regular graph nor multi fuzzy totally
regular graph.

3.27 Theorem. If F = (A, B, f) is a multi fuzzy c-totally regular graph with p-multi fuzzy vertices. Then
c—o(F
s(Fy=P=9") 2( )
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Proof. Assume that F is a multi fuzzy c-totally regular graph with p-multi fuzzy vertices. Then dr(v) = ¢ for all vin V implies
thatd(v) + A(v) =cforallvinV which implies that Zd (V) + Z AV) = ZC for all v in V which implies that ~ 2S(F)

pc—o(F)
2
3.27 Theorem. If F = (A, B, f) is both multi fuzzy k-regular graph and multi fuzzy c-totally regular graph with p-multi

+0(F) = pc. Hence S(F) =

fuzzy vertices. Then o(F) = p(c-k).
Proof. Assume that F is multi fuzzy k-regular graph with p-multi fuzzy vertices. Then 2S(F) = pk. By theorem 3.26, 2S(F) +
o(F) = pc implies that o(F) = p(c—k).

4. CONCLUSION:

Multi fuzzy graph is a generalized form of fuzzy graph that is fuzzy graph is a particular case of multi fuzzy graph.
In this paper, some basic definitions with examples are given and multi fuzzy regular, multi fuzzy totally regular is also

defined. Using these definitions, some theorems are derived. Based on this paper, we can find new results and theorems.
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