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Abstract:

In this paper, we generalize the concept of Total strong (weak) domination in
Intuitionistic Fuzzy graph and define strong domination fuzzy Graph and
strong domination of IFG. In this paper, we consider the some equivalent
theorem and proposition.
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1. INTRODUCTION

Definition of Fuzzy graph was proposed by Katmann, from the fuzzy relations
introduced by Zadeh [1]. Although Rosenfield introduce another elaborated
definition, including fuzzy vertex and fuzzy edges, and several fuzzy analogues of
graph theoretic concepts such as paths, cycles, connectedness and etc. The concept of
domination in fuzzy graph was investigated by A. Somasundarm [3], S.
Somoasundaram [4] and A. Somasundarm present the concepts of independent
domination of fuzzy graphs [5]. C. Natargan and S. K. Ayyasamy introduce the
strong (weak) domination in fuzzy graph [6]. P. J Jayalakshmi and C. V. R
Harinarayanan introduce the Total strong (weak) domination in Fuzzy graphs [7]. M.
G. Karunambigai, R. Parvathi and R. Buvaneswari introduced constantant
intuitionistic Fuzzy graph; and totally constant IFG.

R. Parvathi and R. Buvaneswari introduced constant intuitionistic Fuzzy graph;and
totally constant IFG. [2] R. Parvathi and G. Thamizhendhi fuzzy graph; A new
approach was investigated S. IsmailMohideen and A. Mohamed Ismail. [9] In this
paper, we develop the total strong (weak) dominating intuitionistic Fuzzy graph.
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2. BASIC DEFINITIONS

2. 1. Intuitionistic Fuzzy graph

An intuitionistic fuzzy graph (IFG) is of theformG = (V, E),

wherel = {v,,v,, ... ...., v, }such that

() UV - [0,1], y4:V - [0,1] denote the degree of membership and
nonmembership off the element v; € V respectively and 0 < u,(v;) +
vi(v)) < lforeveryv;, €eV,(i=1,2,...n)

(i)  EcVxVwhereu,:V xV = [0,1] and y,:V XV — [0,1] are such that
to (v, V) < (W) AL (v)), v2 (v, v)) < v1(v)Ay1(vj) and 0 < p, (v, Uj) +
y2(vi,vy) < 1.

2.2. Strong arc
An arc (v;, v;) of an Intuitionistic Fuzzy graph G is called an strong arc ifu, (v;, v;) <

(V) Aq (vp)and v, (v, v5) < v1 (V) Ay1 (v)).

2. 3. Cardinality
Let G = (V,E) beantuitionistic Fuzzy graph. Then the Cardinality of G is defined to
be

IGI — Z [(1 +.ul(v12) - yl(vi)] n Z [(1 + ,uz(vi, 'sz) - ]/Z(vi,vj)]

ViEV ViEV

2. 4. Vertex Cardinality
The Vertex Cardinality of G isdefined by

1+ p ) —vi(v;
V| = Z [( 1 : 1( )]
ViEV
foral v; e V.

2. 5. Edge Cardinality
The edge Cardinality of G is defined by

1+ (v, v))) — (V2 (vi,y))
IEI — Z [( 2 ]2) 2 ] ]

Viev
for all ('Ui, 'U]) EE
The vertex Cardinality of an Intuitionistic Fuzzy graph is called the order of G and it
is denoted by O(G). The cardinality of the edges in G is called the size of G. it is
denoted by §(G).

2. 6. Complement of an Intuitionistic Fuzzy graph

The Complement of an Intuitionistic Fuzzy graph, G = (V,E) isan IFG, G = (V,E),
where

() V=uv

(||) ﬁli = Uqi and ]71i = Y1i forali = 1, 2, e
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(ii)) iy = min(uy, pyj) — dpi; ad Vo = max(yas, v1j) — vy for dl i,j =
1,2,....n

2. 7.Min"&Max™ degree of G

The effective degree of a vertex V in IFG, G = (V,G) is defined to be sum of the
strong edges incident a V. It is denoted by 55 (V). The Min™ degree of G is

6 g(G) =min{dg(V)/v € V}.

The Max™ degree of G is Az(G) = max{dz(V)/v € V}. Two vertices v; and v; are
said to be neighbourhood in IFG there is a strong arc between v;and v;.

2. 8. Intuitionistic Fuzzy sub graph

AnIFG H = (V,E) is said to be an Intuitionistic fuzzy sub graph of ¢ = (V,E) if
v'Cvand E'CE. That is p'}, < py;; v'y; =2 vu and Wo S Haijs Vi < Vaij for
every i,j = 1,2 ....n.

2. 9. Path

A path in an IFG is a sequence of distinct vertices v,, v, ... ..... v,Such that either one
of the following is satisfied.

0] t2 (v, vj) > 0, y,(v;, vj) > 0 for some i&;

(i) yz(vi,vj) =0, yz(vi, vj) > 0 for some i&j

(i) px(v,vy) >0, yz(vi,vj) = 0 for some i&j

2. 10. Intuitionistic Fuzzy graph

Let G = (V,E) bean IFG. Let u,v € V, we say that u dominates v in G if there exist
a strong arc between them. A subset D C V is said to be dominating set in G if for
every v € V — D, there exist u dominates v.

2. 11. Intuitionistic fuzzy domination Number

A dominating set D of IFG is said to be minimal dominating set if no proper subset of
S is a dominating set. Minimum Cardinality among all minimal dominating set is
called the Intuitionistic fuzzy domination Number, and is denoted by y;(G).

3. IMPORTANT DEFINITION

3. 1. Strong (Weak) intuitionistic Fuzzy Domination Number

Let u and v be any two vertices of an IFG of G. Then u strongly dominates v(v
weakly dominates u) if

() Strong arc between u and v

(i) dy(u) 2dy(v)

A strong (weak) dominating set S of an IFG is said to be minimal strong (weak)
dominating set if no proper subset of S is a strong (weak) dominating set of G. The
minimum cardinality among all minimal strong (weak) dominating set is called strong
(weak) intuitionistic fuzzy domination number of G, and is denoted by
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Vsir (G) Vwir (G).

3. 2. Total domination
The set Sis said to be total dominating set if for every vertex v € y(G), V dominates
to at least one vertex of S.

3. 3. Strong Intuitionistic Fuzzy graph
AN IFG, G =<V,E > is said to be a strong IFG if py;; = min(py;, py;) and yo; =
max (yq;, y1j)foral, v, v; € E.

3. 4. Total Strong (Weak) Fuzzy vertex domination

Let u and v be any two vertices of a fuzzy graph G. Then u strongly dominates v(v
weakly dominates u) if ()u(u,v) = o(w)Ao(v) and (ii)dy(uw) = dy(v) (iii) for
every vertex v € y(G): v dominatesto at least one vertex of S.

3. 5. Total Strong (Weak) domination in intuitionistic Fuzzy Graph

(i An IFG is of the form G = (V,E) where V = {v,v,V5 ... ... ... v, } such that
u:V - [0,1], y.:V - [0,1], denotes the degree of membership and non-
membership of the elementv; € V replay and 0 < u; (v,) + v, (v1) < 1, for

e\/el’y V; ev.
(i EcCVxV where UV xV - [0,1] and
2 (v, vj) < min (u (vp), 1 (v))), v2(vi, vj) < max(y; (vi)']ﬁ (Uj)) and

0<u, (vi,vj) +v. (v, v;) < 1 forevery (v;,v;) EE.
@)  p(uw,v) = ac@)Ao() (iv)dy(u) = dy(v) and (v) for every vertex v € V(G);
V dominates to atleast one vertex of S.

3. 6. RegularIntuitionistic Fuzzy graph
An IFG, G =<V,E > is said to be regular IFG, if there is a vertex which is
dominate to vertices with same degree.

3. 7. Degree of a vertex in Intuitionistic Fuzzy graph
Let G =< V,E > bean|FG. Thenthe degree of avertex V is defined by

d() = (d,(v),d, (v))
Where

) = ) 1w

U+v

and

ORI ACED

U+v

3. 8. order of Intuitionistic Fuzzy graph
Let G =< V,E > beanIFG. Then the order of G isdefined to be

0(6) = (0,(6),0,(6))



Total Strong (Weak) Domination Intuitionistic Fuzzy Graph 207

Where
0u(@) = Y u(v)
And uev

0, =) 1)

uev

3.9. Sizeof IFG

Let G =< V,E > bean IFG, then the size of G is defined to be
S(6) = (5,(6),5,(6))

Where

5.6 = ) s, v)

U#v

and

5,(6) = ) yawv)

Uu#v

3. 10. Semi-u Strong Intuitionistic Fuzzy graph
AnIFG, G =<V,E > issaid to be a Semi-u Strong IFG if pp;; = min (uq;, ;) for
every i andj.

3. 11. Semi-u Strong domination Intuitionistic Fuzzy graph

Let u and v be any two vertices of an IFG G. Then u strongly dominates v (v weakly
dominates u) if (i) Strong arc between u and v (ii) dy(u) = dy(v) (iii)uy; =
min (g, fa)-

4. IMPORTANTTHEOREM

Theorem: 4. 1.

Let D be a minimal tsifd-set of Intuitionistic Fuzzy graph G. Then for each v € D if

and only if one of the following holds

() No vertex in D strongly dominatesv.

(i) There exists u € V — D such that v is the only vertex in D which strongly
dominatesu.

Proof:

Assume Part:

Assume that D is a minimal tsifd-set of G. Then for every vertex v € D, D — u is not
a total strong dominating set and hence there exist u € V — (D — {v}), which is not
strongly dominated by any vertex in D — {v}. If u = v, we get, u is not strongly
dominated by vertex in D. If v # u, u is not srongly dominated by D — {u}, but u is
strongly dominated by D, then the vertex u is strongly dominated by avertex v in D.
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Converse Part:

Conversely assume that D isa Total strong dominating set and for each vertex v € D,

one of the two conditions holds.

@ Suppose D is not minimal total strong dominating set, then there exists a
vertex v € D, D — {v} is a Tota strong dominating set. Hence v is strong
dominated by at least one vertex in D — {v}, the condition one does not hold.

(b) If D — {v} isaTotd strong every vertex in v — D is a strongly dominated by
at least one vertex in D — {v}, the second condition does not holds.

Which is contradiction that at least one of these condition hold. So D is a minimal
Total strong dominating set.

Theorem: 4. 2.

Let D be aminimal tsifd-set of an IFG. Then for eachv € D iff the following holds.

() No vertex in D weakly dominates v.

(i) There exists u € v — D such that v is the only vertex in D which weakly
dominates u.

Proposition: 4. 3.

For an intuitionistic fuzzy graph G of order 0(G),

() Ysir(G) S vsir(6) < 0(G) — Ay (G) < 0(G) — Ap(6)
(i) ¥sir(G) < Vewir (6) < 0(6) — 8y (G) < 0(G) — 6£(6)

Proof:

Since every tsifd-set (twifd-set) isintuitionistic fuzzy dominating set of IFG G,
ysif(G) < ytsif(G)and ywif(G) < ytwif(G)-

Let u,v eV, if dy(u) = Ay(G) and dy(v) = 6y(G). Then V — N(u) is a tsifd-set
but not minimal and V — N (v) is atwifd-set but not minimal

Therefore yygir (G) < [V — N(w) ¢

(ie) [V = N@)lsir = V] = IN(w)

= 0(G) — dy(u)

= 0(G) — Ay(G)

= Visif(G) < 0(G) — Ay (G)

andypyir (G) < [V = N()lyir

(ie) [V = N()lwir = VI = INW)|

= 0(G) —dy(v)

= 0(G) — 6y (G)

= Yewir (G) < 0(G) — dy(G)

Further since Az (G) < 0(G) and 65(G) < 8y (G)

= ¥5ir (G) < ¥isip (G) < 0(6) — Ay (G) < 0(G) — Ag(G)

= Ywir (6) < Yewir (6G) < 0(G) — 6y (G) < 0(G) — 6£(6).



Total Strong (Weak) Domination Intuitionistic Fuzzy Graph 209

Theorem: 4. 4.
Let G bealFG, then = .5 (G) < Ypwif (G).

Proof:

Let s, w be aminimal total strong and weak dominating set respectively.

Let dy(u) =Ay(G) and dy(v) = 6y(G) note that V — N(u) is a tota strong
dominating set and V — N (v) isatotal weak dominating set of G.

Yesir (G) < [V — N5

Yesip (G) < 0(G) — Ay (G) 1
and

Yewir (G) < |V — N(W)|sir

Yewir (G) < 0(G) — 6y(G) (2
We know that

0(G) — Ay(G) < 0(G) — 6y(G)using (1) and (2), we get
Yesif (G) < Vewir (G)-

Theorem: 4. 5.
For an IFG, 0(G) —S(G) < v4sir(G) < 0(G) — 65(G), where 0(G), S(G) and
65 (G) arethe order, size and minimum effective incident degree of G respectively.

Proof:

Let D be a dominating set and y,;rbe the minimum total strong domination number
inG.

Then the scalar Cardinality Ofv — D is less than or equal to the scalar Cardinality of
VxV.

Hence O(G) - S(G) < Vesif - (1)
Now, let u be the vertex with minimum effective incident degree 5.

Clearly V — {v} isatotal strong dominating set and hence

Yesif (G) < 0(G) — 65(G) 2.
From (1) & (2), weget 0(G) — S(G) < v45ir(G) < 0(G) — 65(G).

It istruefor IFG.

Theorem: 4. 6.
For an IFG, 0(G) —S(G) < Ytwir(G) < 0(G) — Ag(G) where 0(G), S(G) and
Ag(G) arethe order, size and maximum effective incident degree of G respectively.

Remark: 4. 7.

If all the vertices having the same membership grade, then
() 0(6) = S(6) < ye5ir (G) < 0(6G) — 6(G)

(i) 0(6) = S(G) < Yewir (G) < 0(G) — Ag(G).
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5. TOTAL STRONG DOMINATION IFG EXAMPLES
Example: 5.1

Example: 5. 2
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Example: 5. 3

a (0.2,0.5) b (0.2,0.5) c (0.2, 0.6) d
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Example: 5.4
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Example: 5. 5.
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6. PRACTICAL APPLICATION
Let G be an IFG which represents the awarness of crossing road. Let the vertices

denote the Junctions and the edges denote the roads connecting the junctions. The
degree of membership and nonmembership p:v - [0,1], y;:v = [0,1] and
U:vXv - [0,1], y,:v Xv - [0,1] whereE € v X v vertex set and the edge set of
IFG of G, can be constrated from the statistical data that represents the number of
people passing through various junctions and the number of people passing through
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various roads during a peak hour. Thus we get a IFG of G. In this IFG a Tota strong
(weak) fuzzy dominating set D can be interpreted as the set of junctions in which
traffic is heavierthan the other junction not in D.

CONCLUSION

The concept of Total strong (weak) domination IFG is very rich both in theoretical
developments and applications. In this paper, we introduced total srong (weak)
domination IFG and some theorems and examples are proved. In future, various result
regarding the total strong (weak) domination IFG are discussed.
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