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Abstract: In this paper, the new kind of parameter Inverse total strong (weak) edge domination number in a
fuzzy graph is defined and established the parametric conditions. Another new kind of parameter regular Inverse
total strong (weak) edge domination number is defined and established the parametric conditions. The
properties of Inverse total strong (weak) edge domination number and regular Inverse total strong (weak) edge

domination number domination number are discussed.
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INTRODUCTION

The concept of fuzzy graph was proposed by
kafmann, from the fuzzy relations introduced by Zadeh.
Although, In 1975, Rosenfeld introduced another
elaborated concept, including fuzzy vertex and fuzzy
edges and several fuzzy analogues of graph theoretic
concepts such as paths, cycles, connectedness and etc.
In the year 1998, the concept of domination in fuzzy
graphs investigated by A. Somasundaram,
S.Somasundaram. In the same year, A.Somasundaram
presents the concepts of independent domination, total
domination and connected domination of fuzzy
graph. In the year 2003, A.Nagoor Gani and P. Vadivel
investigated Order and Size in fuzzy graph. In the year
2008, A.Nagoor Gani and K. Radha proposed On Regular
Fuzzy graph. In 2010, C.Natarajan and S.K. Ayyasamy
introduce the strong (weak) domination in fuzzy graph. In
the year 1998, S. Arumugam and S. Velammal introduced
edge domination in fuzzy graph. In 2012, P.J.Jayalakshmi
et.al introduced total strong (weak) domination in fuzzy
graph.

was

Preliminaries

Definition: A fuzzy graph G = (o, p) is a pair of functions
a: V- [0,1] is a fuzzy subset, pu: V x V - [0,1] is a fuzzy
relation on the fuzzy subset o, such that p(u,v) < a(u) /A
ag(v) forallu,veV.

Definition: A fuzzy graph G = (g, p) with the underlying

set V, the order of G is defined and denoted by

0(G)= Zo(u) and size of G is define and denoted by
uelV

S@)= Y uwy)

u,velV
Definition: Let G = (g, p) be a fuzzy graph. The degree of
anode is defined as ;)= 2 L) -
vEUu VeV

Definition: The strong arcs are said to be adjacent if both
arc having at least one end node to be same.

Definition: Let G = (g, 1) be a fuzzy graph. A set of strong
arcs D of E is said to be fuzzy edge dominating set if the
edges in E — D is adjacent to at least one arc (edge) in D.
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Definition: The fuzzy edge dominating number y(G) is the
minimum cardinality of the minimal edge dominating set of
G.

Definition: Let G be a fuzzy graph.The neighbourhood of
anode v in V is defined by N(v) = { ueV: p(u, v) = a(u) A
a(v)}. The scalar cardinality of N(v) is the neighbourhood
degree of v, which is denoted by dy(v).

Definition: The effective degree of v is the sum of the
membership value of the effective (strong) edge incident
on v, denoted by di(v).

Definition: Let e, and e, be any two strong edge of the
fuzzy graph G. Then e, strongly dominates e, (e, weakly
dominates e,) if (i) e,, e, are adjacent (ii) dy(e;) = dy(e,).

Definition: Let G be a fuzzy graph. Then D < E is said to
be strong (weak) fuzzy edge dominating set of G if every
edge e €E — D is strongly (weakly) dominated by some
edge u in D. We denote a strong (weak) fuzzy edge
dominating set by sfed-set (wfed-set).

Definition: The minimum scalar cardinality of a sfed-set
(wfed-set) is called strong (weak) fuzzy edge dominating
number and it is denoted by ¥..(G)(Yewd(G))-

Definition: A subset T, of E is said to be an edge total
dominating set in G if for every edge in E — T, is adjacent
to atleast one effective edge in T..

Definition: A total strong (weak) dominating set T, of a
fuzzy graph G is called minimal total strong (weak) edge
dominating set of G if there does not exist any total strong
(weak) edge dominating set of G, whose edge cardinality
is less than the cardinality of T..

Definition: Let G be a fuzzy graph. The neighbourhood of
an edge ¢;in E is defined by N(e)) = { ¢, € E/ ¢; & ¢ are
adjacent and effective edges}. The scalar cardinality of
N(e) is the neighbourhood edge of e, which is denoted

by dy(e).

Definition: The effective edge of e; is the sum of the
membership value of the effective edge incident on e,
denoted by dg(e)).

Definition: Let ¢ and ¢; be any two edges of a fuzzy graph
G. Then the edge ¢, totally strong dominates the edge e;
(the edge e; totally weak dominates the edge e;) if.
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dy(e) = dy (e)
* every edge in G dominates e;.

Definition: Let G be a fuzzy graph. The edge set T, is said
to be a total edge dominating set if for every edge in G
dominates atleast one edge of T..

Definition: Let G be a fuzzy graph. The edge set T, is said
to be total strong (weak) edge dominating set of G if.

* dy(e) = dy(e) foralle e T, eee—T,
* T.,is a total edge dominating set.

Example (Durer Fuzzy Graph): Let G be a fuzzy graph.
¥-(G) be a total strong (weak) domination number in a
fuzzy graph. Here, p is a vertex cardinality of G. Ay(&y) be
a maximum(minimum) neighbourhood degree of G. A.(6;)
be a maximum(minimum) effective edges in G.

a(0.5)
s » 10.4)
8(0.4) 04)
B(0.4), 8049 o
16(0.4) if0.4) 16(0.4)
7(0.4) 209 17(0:5) .uU 5 2(0.4)
2H0.4) 22(0.4)
£(0.3) 15049 o 12005 18(0.5) 104 4 .05
% = ) (0.5
. 1905) ~ o
6(0.4) (0.5)24(0%) 2309 ¥0:5) 30.4
14(0.4) oX0.4) 120.4)
¢ LI
f0.4) 13(0-4) 'dw 4'
504 0.4 :
e(0.5)
G

Total strong (weak) dominating set, T = {i, j, k, 1, m, n,
o,p},V-T={a,b,c,d, e, f, g h}

Total strong (weak) domination number, y+(G), O(G)
=p=7.2and S(G)=q=28.8

AWG) = 1.4, 84(G) = 1.2, d(u) =32

Total strong (weak) edge dominating set, Te = {9, 10,
11,12, 13, 14, 15, 16},

V-Te={1,2,3,4,5,6,7,8,17,18, 19,20, 21, 22, 23,
24}

Total strong (weak) edge domination number,y(G)
32,A, (G)=18,8.(G)=1.6

Inverse Total Strong (Weak) Edge Domination in Fuzzy
Graph: In this section, Inverse total strong (weak) edge
dominating set of a fuzzy graph is introduced and its
parametric conditions are established.
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Definition: Let I;, be a minimum total strong (weak) edge
dominating set of fuzzy graph G. If I7, cV'-Ir, is a total
strong (weak) edge dominating set of G then I, is called
an inverse total strong (weak) edge dominating set of .

Definition: An inverse total strong (weak) edge
dominating set I;, of a fuzzy graph G is called minimal
inverse total strong (weak) edge dominating set of G, if
there does not exist any inverse total strong (weak) edge
dominating set of G, whose cardinality is less than the
cardinality of .

Definition: The minimum fuzzy cardinality among all
minimal inverse total strong (weak) edge dominating set
in G is called inverse total strong (weak) edge domination
number of G is denoted by , IT/(G) .

Theorem
For a complete fuzzy graph G, ,, “(6) > ptl
r 2

Proof:

Let G be a fuzzy graph. Let p be a sum all vertex
cardinality of G. Here, YIT/(G) be an inverse total strong
(weak) edge domination number. yIT'(G) be an inverse

total strong (weak) domination number and p+! fuzzy
2

vertex cardinality of G. »+1 is a fuzzy vertex cardinality
2

of G but need not be a maximum fuzzy inverse total strong
(weak) edge domination number. Therefore, IT/(G) > P ;1

Theorem:

For a connected fuzzy graph G, then
’ A (G

P=q = Yer, (G) < p—%)-

Proof:

Let G be a fuzzy graph. p be a sum of all vertex
cardinality of G. q be a sum of all effective edges incident
in G. Ay(G) be a maximum neighbourhood of effective
edges incident in G. y(G) be an inverse total strong
(weak) domination number.

p — q is inverse total strong (weak) edge domination
number of G and ,, ]T’(G) be a inverse total strong (weak)
edge domination number of G. Inverse total strong (weak)
edge domination number of G but need not be minimum
inverse total strong (weak) edge dominating set of G.
Therefore, ,_, < Ye ]T’(G) and Inverse total strong (weak)
edge dominating set of G but need not be maximum of

p-2e@ Therefore _8.(G)
. 9,

> ? Yel, G) <p
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Hence 4@
2

> P=4 = Yel, (G) S p-

Example (Petersen Fuzzy Graph): Let G be a fuzzy
graph. p be asum of all vertex cardinality of G. q be a
sum of all effective edges incident in G. A(G) be a
maximum neighbourhood of effective edges incident in G.
¥r(G) be a inverse total strong (weak) edge domination
number.

a0.5) 1003) b03)
S
603) 1203) BOIHN\ 203)
g03)
03— L 803)
(03)® 9(0.3) »c(0.5)
$03)
oo J003) T1103)
SO0 3k 05 /303)
of) 1503
.]-HUJJ \ .1
(03 403  d03)
G

I={1,4,9), E-L,={2,3,5,6,7,8,9,10, 11, 12, 13, 14,
15}’ Ich = {25 59 10} cE- ITcs YcIT(G) = 093 ‘YCIT((G) = 099

P—9=09,A,(G)=12,5,G)=12.
p- AcN((}) = 247 p— 6CN(G) = 24,
q- AcN» (G) = 33, q- acN(G) = 33, pP= 3 .6, q= 4.5.

Regular Total Strong (Weak) Edge Domination
in Fuzzy Graph: In this section, Regular total
strong (weak) edge dominating number of fuzzy graph
is introduced and its parametric conditions are
established.

Definition: A total strong (weak) edge dominating set R,
of a graph G is a regular total strong (weak) edge
dominating set if all the edges have same degree.

Definition: A regular total strong (weak) edge
dominating set R;, of a fuzzy graph G is called minimal
regular total strong (weak) edge dominating set of G, if
there does not exist any regular total strong (weak) edge
dominating set of G, whose cardinality is less than the
cardinality of R..

Definition: The minimum fuzzy cardinality among all
minimal total strong (weak) edge dominating set G is
called minimum regular total strong (weak) edge
dominating set of G and its regular total strong (weak)
edge domination number is denoted by ¥ 1 (G).
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Theorem:
For a fuzzy graph, YeRy (G) S p = AN (G) < p = 8N (G)
Proof

Let G be a fuzzy graph. p be a sum of all vertex
cardinality. q be a sum of all effective edges incident in G.
A, be a maximum neighbourhood of effective edges
incident in G. &, be a minimum neighbourhood of
effective edges incident in G. v be a regular total strong
(weak) edge domination number of G.

Yt @ regular total strong (weak) domination number
of G and p — A (G) be a regular total strong (weak) edge
dominating set of G. p — Ay(G.) is regular total strong
(weak) dominating set of G but need not be minimum
regular total strong (weak) edge domination number of G,
therefore, Y1(G) = p — An(G). p — 8.y (G) is regular total
strong (weak) edge domination graph of G but need be
minimum regular total strong (weak) edge domination
graph of G. Therefore, p — A (G) < p — d.(G).

Hence, 7er, (G)<p—Acn(G)<p=8n(G).

Theorem

9= AN (G)

For a fi raph,
uzzy graph, y.p (G)= Aoy (G) 41

Proof

Let G be a fuzzy graph. p be a sum of all vertex
cardinality. q be a sum of all effective edges incident in G.
A, be a maximum neighbourhood of effective edges
incident in G. &, be a minimum neighbourhood of
effective edges incident in G. vy be a regular total strong
(weak) edge domination number of G. 4-2eN(G) is a

Aen (G) +1
regular total strong (weak) edge domination fuzzy graph
is need not be minimum regular total strong (weak) edge

q4=AeN(G) |

dominating set of G. Therefore, ek, (624
eN(G) +1

Example (Circular Ladder Fuzzy Graph): Let G be a fuzzy
graph. p be a sum of all vertex cardinality. g be a sum of all
effective edges incident in G. A, be a maximum
neighbourhood of effective edges incident in G. .y be a
minimum neighbourhood of effective edges incident in G.
Yar be a regular total strong (weak) edge domination
number of G.
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d(0.6) b{(0.6)

R.={1,3,5, 7}, E—R,={2,4,6,8,9,10,11, 12}, p=4.2,
q: 525 YCRT (G) = 18

AeN (G) = 1~8, 651\] (G) = 1.6, |p 7q‘ = |-1|:1,
p- AcN (G) = 249 pP— 60N (G) = 26,
q- AcN (G) = 34: q- acN (G) =3.6.

Regular Inverse Total Strong (Weak) Edge Domination
in Fuzzy Graph: In this section, Regular inverse total
strong (weak) edge dominating set of fuzzy graph is
introduced and its parametric conditions are established.

Definition: Let G be a fuzzy graph. Let Rl,, be a inverse
total strong (weak) edge dominating set then Rl is said
to be regular inverse total strong (weak) edge dominating
set, if all the edges have same degree.

Definition: A regular inverse total strong (weak) edge
dominating set RI, of a fuzzy graph G is called minimal
regular inverse total strong (weak) edge dominating set of
G, if there does not exist any regular inverse total strong
(weak) edge dominating set of G, whose cardinality is less
than the cardinality of RI..

Definition: The minimum fuzzy cardinality among all
minimal regular inverse total strong (weak) edge
dominating set G is called minimum regular inverse total
strong (weak) edge dominating set of G and its regular
inverse total strong (weak) edge domination number is
denoted by ¥ xr(G).

Theorem
In a fuzzy graph,

IP—dl £ Yerr (G) < p— An (G) < p— 6 (G)
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Proof

Let G be a fuzzy graph. p be vertex cardinality of G. q
be effective edges incident in G. A (G) be a maximum
neighbourhood of effective edges incident in G. §.,(G) be
a minimum neighbourhood of effective edges incident in
G. vri(G) be a regular inverse total strong (weak) edge
domination number.

Ip — q| is regular inverse total strong (weak) edge
dominating set but need not be minimum regular inverse
total strong (weak) edge domination number of G.
Therefore, [p — q| = Y& be a regular total strong (weak)
edge domination number of G and p — A be a regular
total strong (weak) edge domination fuzzy graph of G. ¥.r
is a regular inverse total strong (weak) edge domination
number but need not be minimum of p — A(G). Therefore,
p — 6(G) is a regular inverse total strong (weak) edge
domination of fuzzy graph but need not be minimum of

p—An(G).

Therefore, p — Ay (G) < p — . (G).
Hence, [p—q| < Yaur (G) < p— An(G) < p —0.(G)
Theorem

In a fuzzy graph,

IP—al<Yar(G) < 9 — A (G) < - b (G)

Proof

Let G be a fuzzy graph. p be a sum of all vertex
cardinality of G. q be a sum of all effective edges incident
in G. A,(G) be a maximum neighbourhood of effective
edges incident in G. A (G) be a minimum neighbourhood
of effective edges incident in G. yy(G) be a regular
inverse total strong (weak) edge domination number.

Ip — q| is regular inverse total strong (weak) edge
dominating set but need not be minimum regular inverse
total strong (weak) edge domination number of G.
Therefore, [p—q| < Y&m(G). Yarr (G) be a regular inverse
total strong (weak) edge domination number of G and
p — An(G) be a regular inverse total strong (weak) edge
domination fuzzy graph of G. y4(G) is a regular inverse
total strong (weak) edge domination number but need not
be minimum of p — A(G). Therefore, p-8. (G) is a regular
inverse total strong (weak) edge domination of fuzzy
graph but need not be minimum of p-A, Therefore,

p-Aw (G) < p-bu (G).
Hence, [p —q| <Y (G) < q— A (G) £ g -8 (G)
Theorem

For a fuzzy graph, v.(G) = Yeur (G) = ¥, (G) = p.

Proof

Let G be a fuzzy graph. Let p be a sum of all vertex
cardinality of G. y., be a total strong (weak) edge
domination number of a fuzzy graph. y.r be a regular
inverse total strong (weak) edge domination number. vy, be
a domination number of a fuzzy graph.

Yr De a regular inverse total strong (weak) edge
domination number but need not be minimum of a total
strong (weak) edge domination number of G therefore,
Y(G) £ Yorr(G). Y{G) domination number of a fuzzy graph
need not be a minimum of regular inverse total strong
(weak) edge domination number of G, therefore, Y (G) <
v{G). Vertex cardinality of regular inverse total strong
(weak) edge domination in G need not be minimum of
domination number of a fuzzy graph G. Then y(G) < p.
Hence, Y1(G) < Yerr(G) <¥(G) < p.

Theorem
For a connected fuzzy graph G, then

AeRIT @)
5 .

P =4 = YR (G) S p-

Proof

Let G be a fuzzy graph. p be a sum of all vertex
cardinality of G. q be a sum of all effective edges incident
in G. Az be a regular inverse total strong (weak) edge
domination in maximum neighbourhood of effective edges
incident in G. Yy be a regular inverse total strong (weak)
edge domination number.

Regular inverse total strong (weak) edge domination
fuzzy graph G but need not be minimum of p — q is regular
inverse total strong (weak) edge domination number of

fuzzy graph Therefore, p — q < Ym(G) and e Aerr, (G) be
2

a regular inverse total strong (weak) edge domination
fuzzy graph G but need not be a minimum regular inverse
total strong (weak) edge domination number of G.

Therefore, Acrr, (G)
YeRI, G) <p —%-
Hence, Aeri, (G)

P=q=Yerl; (G) < p=—)

Example (Heawood Fuzzy Graph): Let G be a fuzzy graph.
Let p be a sum of all vertex cardinality of G. q be a sum of
all effective edges incident in G. Ay(G) be a maximum
neighbourhood of effective edges incident in G. Y be a
regular inverse total strong (weak) edge domination
number.
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1103) \
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o - 2003
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} » " gl0d

h 7(0.3)
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G
RI,,={1,3,5,7,9, 11, 13},
E-RI,.={2,4,6,8,10,12, 14, 15,16, 17, 18, 19, 20, 21},
p=4.7,4=63,[p—q|=]-1.6|= 1.6, Yn(G) = 2.1, A(G) =
12,04 (G)=12,p- Ax(G)=3.5,p—8,(G)=3.5,q—
AL(G) =5.1, g - 6,(G) = 5.1. All RI,, edges have same
degree.

b e
04 8
(03)

Example (Durer Fuzzy Graph): Let G be a fuzzy graph. p
be a sum of all vertex cardinality of G. q be a sum of all
effective edges incident in G. A,(G) be a maximum
neighbourhood of effective edges incident in G. g, be a
regular inverse total strong (weak) edge domination
number.

1
a03) (03 X049
03 8(03)
.gu'ﬂ-l_l
13(0.3) 9
) o— 0D Y
0% w0a1e
wa)e s a.1)
2(0.3) (0.3)
L N
e Ty /03
1503) 10003)

L
d&(0.6)

3 oy \0

13
1|J|';| 03
(0.7F

c(0.3)

5(03)

e(ﬁ.:‘] 403)
G

RI,={7,8,9,10, 11, 12},
E-RI.={1,2,3,5,6,13,14,15,16, 17, 18},
pP=62,9=54,[p—q|=10.8], Yan(G) = 1.8, An(G) = 1.2,
6eN (G) = 12s pi AeN(C}) = 59 p 766N(G) = 59 q 7aeN(G) = 427
q-—90.(G)=4.2.
All RI;, edges have same degree.

Example: Let G be a fuzzy graph. p be a sum of all vertex
cardinality of G. q be a sum of all effective edges incident
in G. A,(G) be a maximum neighbourhood of effective
edges incident in G. y,;; be a regular inverse total strong
(weak) edge domination number.
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f04)
1 i L]
a{{,in (04) r:w.:r; 03 (04]
204) 09 iy " i
0 309 g0y

RI.={1,5},E-RI,=1{2,3,4,6,7},p=3.3,q=2.8,
IP—q[=10.5], Yarn(G) = 0.8, An(G) = 1.2, 85 (G) = 0.8, p—
acN(G) = 219 p- 6(:N(G) = 255 q- AcN(G) = 169 q- 6cN(G) =
2.

All RI;, edges have same degree.
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