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I. INTRODUCTION

L A Zadeh[11] introduced the concept of fuzzy sets in the year 1965. Rosenfeld[9] gave the notion of fuzzy
graph and several fuzzy concepts such as paths, cycles and connectedness in 1975. Somasundaram[10]
investigated the concept of domination number in fuzzy graphs in the year 1998. In 1986 Atanassov introduced
intuitionistic fuzzy sets. Parvathi and Tamizhendhi[8] introduced domination number in intuitionistic fuzzy
graph. Ismayil and Ali[6] discussed about strong interval valued intuitionistic fuzzy graph in the year 2014,
Cuong[4] introduced the picture fuzzy sets(PFS) which is a direct extention of fuzzy set and intuitionistic fuzzy
set. The picture fuzzy set was constructed by adding a neutral membership degree of an element to the existing
intuitionistic fuzzy set. In a picture fuzzy set every element contains positive, negative and neutral membership
degree. Cuong and Kreinovich[4] studied some compositions of picture fuzzy relations. Al-Hawary T etal.,[1]
provided the concept of picture fuzzy graph(PFG). They also discussed bridge and cut vertex in PFG. A
Mohamed Ismayil and Asha Bosley[5] defined order and size of a PFG, also introduced domination in PFG.

In this paper, the concept of edge dominating set in a picture fuzzy graph, edge domination numbery, (G), edge
independent set, maximal edge independent number B.(G)and edge cover numbers a.(G)are defined with
suitable example. The bounds on edge dominating set for various standard PFG are obtained and also some
theorems related to this concepts are stated and proved.

Il. PRELIMINARIES
In this section, the definition of fuzzy graph, intuitionistic fuzzy graph and picture fuzzy graphs are given. The
arc, effective edges, strong and complete picture graphs are also given which are useful to understandedge
domination in picture fuzzy graphs.
Definition 2.1[8]:A fuzzy graph G = (&, p)defined on G* = (V, E)is a set with two functions 2: V — [0,1] and
p: E - [0,1] such thatp({x,y}) < B(x)AB(y)Vx,y € V. Hereafter we write p(xy) for p({x,y}).
Definition 2.2[7]: A pair G = (@, p)is known as intuitionistic fuzzy graph(IFG) if
(i) V={vy,vy, .., vy} suchthat B,:V - [0,1], p;:V - [0,1] denote the degree of membership and non-
membership vv; € V, respectively and 0 < B, (v;) + p;(v;) < 1,foreveryv, €V, i =12, ...,n.
(i) ES VXV where pp:VxV—[01] and p,:VxV—[0,1] are such that p,(vi,v;) < p(vi)ap(vj),
P (vi,vj) = p1(vi) Vpi(v)) and 0 < p, (Vi,V]-) + p2(vi,v;) < 1 for every (Vi,Vj) € E(i,j = 1,2,...,n). Here the
triple (v;, 1y;, p1;) denotes the degree of membership and degree of non-membership of the vertex v;. The triple
(€, M2ij, P2;j) denote the degree of membership and degree of non-membership of the edge relation e;; = (v;, v;)
onV.
In an intuitionistic fuzzy graphG, when p,; = 0 and p,;; = 1for some i and j, then there is no edge between v;
and v;. Otherwise there exists an edge between v; and v;.
Definition 2.3[3]: A pair G = (V, E) defined on G* = (V, E)is known as Picture Fuzzy Graph(PFG) if
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(i) V={vy,vy, .., vy} such that 2,:V - [0,1], 0;:V - [0,1], p;:V — [0,1] denote the degree of truth
membership, abstinence membership and false membership of the element v; € V respectively and 0 < B, (v;) +
o1(vi) + p1(v;) < 1,foreveryv; €V, i=12,..,n.

(i) ES VXV wherep,: VXV —[0,1], 0,: VXV —][0,1] and p,:VxV — [0,1] are such that uz(vi,v]-) <
Hq (Vi)/\ul(Vj)' 02 (vi, vj) < 01(vi)noy(v)) and p, (Vi:Vj) = p1(vi) V p1(vj) where 0 < p, (Virvj) + 0, (vi,v) +
p2(v;,v;) < 1 for every(vi,vj) €eEG,j=12,..,n).

Here the 4-tuple (v;, 1y;, 015, P1;) denotes the degree of truth membership, abstinence membership and false
membership of the vertexv;. The 4-tuple (e;;, 15, 025, P25 )denotes the degree of truth membership, abstinence
membership and false membership of the edge relation e;; = (v;, v;) onV.

Remark 2.4:In a picture fuzzy graphG, ifu,; = o,; = 0 and p,; = 1for some i and j then there is no edge
between v; andv;. Otherwise there exists an edge between v; andv;.

Definition 2.5: The weight of the vertex v;in a PFG G = (V, E)is defined by
1+u2(ej)+62(ej)—p2(ej)

1+pg (vi)+o1(vi)—p1(vi) and is denoted

byw(v;). Similarly the weight of the edge e; is defined by
Remark 2.6: If w(e;;) = 0 then there exists no edge between v; andv;.
Definition 2.7: Let G = (V,E)be a picture fuzzy graph. Then the vertex cardinality of G is defined by |V| =

Zviev1+”1(Vi)+621(vi)_pl(vi) and |V| is called the order of a PFG G and is denoted by p. Similarly the edge

and is denoted byw(e;).

cardinality of G s defined by [E| = Ey,y e -2 itoetin) ety
PFG G = (V,E) and is denoted by q.

Definition 2.8: An arc (u,v) in a PFG, G = (V,E)is said to be strong arc, if p,(u,v) = p3(u,v), oy(u,v) =
o3 (u,v) andp, (u,v) < p3’ (u,v).

Definition 2.9: An edge (u,v) is said to be effective edge in a PFG if py(u,v) = (W) Ay (v), o,(u,v) =
o1(u) Aoy (v) andp,(u,v) = p,(u) V p,(v). Otherwise the edge (u, v) is called non effective edge.

Definition 2.10: A PFG G = (V,E)is said to be strong PFG if 5 = wy (vi) Ay (v)), 025 = 61(vi) A 61(v))
and py;; = p1(vi) V py (v)) for every (v;,v;) € E.

Definition 2.11: A PFG G = (V, E)is said to be complete PFG if py; = py (vi) A py(v)), 025 = 01(vi) Aoy (v;)
and pyy; = p1(vi) V py (v;) for every v;,v; € V.

Definition 2.12: Two vertices u and v are said to be neighbors in PFG G = (V, E)if either one of the following
conditions hold

(i) py(u,v) >0, o,(u,v) >0, py(u,v) >0

(i) up(u,v) =0, oy(u,v) 20, py(u,v) >0

@iy, (w,v) >0, o,(w,v) =0, p(u,v) =0

(iv) u,(u,v) 2 0, o,(u,v) >0, p,(w,v) =0, u,veV.

Definition 2.13: Let u be a vertex in a PFG G = (V, E)then Ng(u) = {v € V: (u,v) is an effective edge} is
called open effective neighborhood of w.Ng[u] = Ng(u) U {u} is called the closed effective neighborhood of u.
Definition 2.14: If (u, v) is an effective edge then u dominates v and v dominates u.

Definition 2.15[4]: A subset D of V is called a dominating set in a PFG G if for every vertex v € V — D, there
exists a vertex u € Dwhich dominatesv. A dominating set D of a PFG G = (V,E) is said to be minimal
dominating set if for each vertex v € D, D — {v} is not a dominating set of G. The minimum cardinality among
all minimal dominating sets in G is called the domination number of G and is denoted by y(G) or simply y. The
maximum cardinality among all minimal dominating sets in G is called the upper domination number of G and
is denoted by I'(G) or simplyT".

Definition 2.16: Two vertices u,v € V in a PFG, G = (V, E)are said to be independent if u,(u, v) < py(w) A
1 (v) or o (w, v) < o1 (W) Aay(v) or pp(u,v) > py (W) V py (V).

Definition 2.17: A subset I of V ina PFG, G* = (V, E)is said to be independent set of G if u,(u,v) < u;(u) A
Uy (v) or o, (u,v) < o1(u) Aay(v) or po(u,v) > p(w) vV p,(v)Vu,v € 1.

Remark 2.18: The set I is an independent set if and only if no two vertices of I are adjacent.

Definition 2.19: An independent set I of a PFG G = (V, E)is said to be maximal independent set, if for every
v €V — I, the set I U {v} is not independent.

Definition 2.20:The maximum cardinality among all maximal independent set in G is called the independence
number of G and is denoted by 8(G).The minimum cardinality among all maximal independent set in G is called
the lower independence number of G and is denoted by i(G).

Definition 2.21: Let e = (u,v) be an effective edge in a PFG G = (V, E)then u, v and eare incident on each
other.

vv;,v; € Eand |E] is called the size of a
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Definition 2.22: A vertex v and an effective edge (u,v) in a PFG G = (V, E)are said to be cover each other if
they are incident.

Definition 2.23: A subset S of V ina PFG G = (V, E)which covers all edges in G is called a vertex covering set
of G. The minimum cardinality among all vertex covering set in G is called the vertex covering number of G and
is denoted by a(G).

Definition 2.24: The complement of PFGG = (V, E) is PFGG = (V, E)where

(i) V=v.

(”)m = M1 0-_11 = 01i» m = pliVi = 1'2v ey M

Hzj = i A haj — Paij, O = 013 N0y — Oy, Pzj = p1i V p1j — poyy Torall i,j =12,...,n.

I1l. EDGE DOMINATION IN PICTURE FUZZY GRAPHS
In this section, picture fuzzy graphs without isolated vertices are considered. The bounds on picture fuzzy
graphs are obtained and theorems based on picture fuzzy graphs are stated and proved.
Definition 3.1: Let e; and e; are adjacent if they incident with a common vertex.
Definition 3.2: Let e;, e;aretwo edges in a PFG G = (V,E).The setNg(e;) = {e; € E: ¢; is adjacent to ¢; and e;is
an effective edge} is called open effective neighborhood of e;. Nz[e;] = Ng(e;) U {e;} is called the closed
effective neighborhood of e;.
Definition 3.3: An edge ein a PFG G = (V, E)is an isolated edge if N;(e) = 0.
Definition 3.4:Let e;, ¢ are two edges in a PFG G = (V,E). If e; is an effective edge and adjacent to ejthen
e;dominatese; .
Remark 3.5:Let e; ande; are two adjacent edges in a PFGG = (V, E).
(1)If e;ande; are two effective edges then e; dominatese; and also e; dominatese;.
(i)If e;is an effective edge and ¢; is a non effective edge then e; dominatese; but e; does not dominatee;.
(iii)If e;, ¢; are two non effective edges, then e;ande; does not dominate each other.
Example 3.6: Consider the PFG given in figure 1,e; dominatese,, but e,does not dominate e; .
Definition 3.7: Let G = (V, E)be a picture fuzzy graph. A subset S of E is called an edge dominating set in a
PFG G if for every edgee; € E — S, then there exists an edge e; € S such that e;dominatese; .
Definition 3.8: An edge dominating set S in a PFG G = (V, E)is said to be minimal edge dominating set if for
each edge e; € S, S — {e;} is not an edge dominating set ofG.The minimum cardinality among all the minimal
edge dominating sets in G is called the edge domination number of G and is denoted by y, (G) or simplyy,.The
maximum cardinality among all the minimal edge dominating set in G is called the upper domination number of
G and is denoted by I, (G) or simplyT,.
Remark 3.9:
1. For any effective edgee; € E, Ng(e;) is precisely the set of all edges in E which are dominated bye,; .
2. If p(u,v) <) A (v), o(w,v) < oy(w) Aay(v) and p,(u,v) > pi(uw) vV p(v)Vu, v € E then the
only edge dominating set of GisE.
3. Let e; be an edge in a PFGG = (V, E). IfN;(e;) = 0, then every edge dominating set of Gcontainse;.
4. Non adjacent non effective edges with effective edges are members of an edge dominating set.
Example 3.10: Consider the picture fuzzy graph.

v1(0.1,0.3,0.1) €,(0.1,0.1,0.5) v5(0.2,0.1,0.5)
e4(0.1,0.3,0.5) o3 ) %0, e2(0.0,0.1,0.4)
s <20
e )
v4(0.2,0.3,0.5) €3(0.0,0.2,0.5) v3(0.0,0.2,0.1)
Figure: 1

The edge dominating sets are D; = {es, e}, D, = {e1, e3} and D5 = {e,}.

ID;| = |{es, e}| = 0.35 + 0.3 = 0.65.

ID,| = |{e1, e3}| = 0.25 + 0.15 = 0.4.

D3| = |{e4}| = 0.15.

Therefore y,(G) = 0.15 and I, (G) = 0.65.

Theorem 3.11: If K, is a complete PFG of order p and n vertices theny, (K,) < %
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Proof : In a complete PFG, Choose an edge e; it is adjacent to 2(n — 2) edges. Delete all these 2(n — 2) edges
we get the complete graph with n — 2 vertices. Similarly choose an edge e, from new PFG it is adjacent to
2(n — 4) edges. Delete all these 2(n — 4) edges we get the complete graph with n — 4 vertices. Continuing this
z ,ifniseven

process we get the edge dominating set with the vertices ,21_1 . Hence y, (K,) < g.

- ifnisodd
Preposition 3.12: For any picture fuzzy path of order p, y,(G) < p.
Preposition 3.13: In a strong picture fuzzy cycle of order pandn vertices, y, (C,) < ’3—'.

Preposition 3.14: In a strong picture fuzzy path of order p andn > 3 vertices, y,(P;) < ?.

Theorem 3.15: An edge dominating set S of a PFG, G = (V, E)is a minimal edge dominating set if and only if
for each e; € S one of the following conditions hold:

() Ng(e)NnS=¢

(ii) There isan edge e, € E — S such that Nz(e;) N S = {e;}.

Proof: Let S be a minimal edge dominating set of G. Then for every e; € S, S — {e;} is not an edge dominating
set of G and hence there exists an edge e; € E — (S — {e;}) which is not adjacent with any edge in S — {e;}.
Case(i): If e; = ¢ then Nz(¢ ) NS = ¢

Case(ii): If e; # ¢;, ¢ is not dominated by any edge in S — {e;}, but is dominated by S, then the edge e
effective neighbor with only to e; in S. Hence NE(e]—) NS = {e;}. Conversely, assume that S is an edge
dominating set and for each edge e; € S one of two conditions hold. Suppose S is not a minimal edge
dominating set, then there exists an edge e; € S, S — {e;} is an edge dominating set. Hence e; is a effective
neighbor to atleast one edge inS — {e;}, then condition(i) does not hold. If S — {e;} is a dominating set then
every edge in E — S is a effective neighbor to atleast one edge in S — {e;} then second condition does not hold
which contradicts to our assumption that atleast one of this conditions hold. Hence S is a minimal edge
dominating set.

Observation 3.16: Let G = (V, E)be a PFG without isolated edges. If S is a minimal edge dominating set of G.
Then E — Snot an edge dominating set ofG.

Example 3.17:Consider the PFG G = (V,E)where
V = {v,1(0.1,0.3,0.1),v,/(0.2,0.1,0.5), v3|(0.0,0.2,0.1)}andE = {(v,v,)|(0.1,0.1,0.5), (v,, v3)[(0.0,0.1,0.7)}.
Here(v,, v,) is an effective edge but (v,, v3) is not an effective edge. Therefore (vy, v,) is an edge dominating
set but (v, v3) is not an edge dominating set.

Theorem 3.18: Let G = (V, E)be a strong PFG and without isolated edges. If S is a minimal edge dominating
set of G. Then E — S is an edge dominating set ofG.

Proof: Let e; be any effective edge inS. Since G had no isolated edges, then there is an edgee; € Ng(e;). It
follows from the theorem 3.15, thate; € E — S. Since G is a strong PFG then ¢; is not isolated. Thus every
element of S is dominated by some edge in E — S and hence E — S is an edge dominating set ofG.

Definition 3.19: Two edges e;,¢; € E in a PFG G = (V, E)are said to be independent if e; & Ny(e;) ore; ¢
Ng(e;).

Definition 3.20: The set I is an edge independent set if and only if no two edges of Iare adjacent.

Definition 3.21: An edge independent set I of a PFG G = (V, E)is said to be maximal edge independent set, if
for everye; € E — I, the set I U {e;} is not independent. The maximum cardinality among all the maximal edge
independent set in G iscalled the independence number of G and is denoted byg, (G). The minimum cardinality
among all the maximal edge independent set in G is called the lower independence number of G and is denoted
byi, (G).

Theorem 3.22: An edge independent set I of a PFG G = (V, £)is a maximal edge independent set of G if and
only if it is edge independent and edge dominating set.

Proof: Let I be a maximal edge independent set in PFG G = (V, E)and hence for every edge e € E — 1, the set
I'U{e} is not edge independent. For every edgee; € E — I, there is an edge e; € I such that e; and ¢; are
effective edges. Thus I is an edge dominating set. Hence I is both edge dominating and edge independent set.
Conversely, assume [ is both edge independent and edge dominating set. Suppose | is not maximal edge
independent, then there exists an edgee; € E — I, the set 1 U {g;} is edge independent. If I U {e;} is edge
independent then no edge in I is effective neighbor toe;. Hence I is not an edge dominating set, which is a
contradiction to our assumption. Hence I is maximal edge independent set.

Definition 3.23: Let e = (u, v) be an edge in a PFG G = (V, E)then e covers u andv. The set I € E covers all
the vertices of V is called edge cover set ofG. An edge independent set I is said to be minimal edge cover set, if
for everye; € E — I, the set I — {e;} is not an edge cover set. The minimum cardinality among all the minimal
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edge cover set in G is called the edge cover number of G and is denoted bya,(G). The maximum cardinality
among all the minimal edge cover set in G is called the upper edge cover number of G and is denoted byp, (G).
Example 3.24: In figure-1 {e;, e5}, {es, es} are edge cover set ofG.

Theorem 3.25: In a PFGG = (V, E), ifl be the maximal edge independent set then E — I is an edge cover set.
Proof: Let I be the maximal edge independent set. From theorem 3.22,1 is also a dominating set. Therefore for
everyv; € I there existsy; € E — Isuch that v;dominatesv; . By the definition of edge cover every edge e; € E —
I is incident with atleast one vertexv; € I. Therefore E — I is the edge cover of the maximal independent setl.
Theorem 3.26: Every maximal edge independent set I in a PFG G = (V, E)is a minimal edge dominating set.
Proof: Let I be a maximal edge independent set in a PFGG = (V, E). By theorem 3.22, I is an edge dominating
set. Suppose I is not a minimal edge dominating setand then there exists atleast one edge ¢; € I for which
I — {g;} is an edge dominating set. Then atleast one edge in I — {e;} must be an effective neighbor to e;. This
contradicts to the fact that I is an edge independent set ofG. Therefore I must be minimal edge dominating set.
Theorem 3.27: For any PFG G = (V, E)without isolated edgesa, (G) + B8, (G) < q.

Proof: Let I be an maximum edge independent set of G such that |I| = 8, (G) andKbe a minimum edge cover of
Gsuch that|K| = a,(G). If I isa maximum edge independent set, then E — I is an edge covering set ofG.
Hence|K| < |E — I|. This implies thate, (G) < q — B.(G) and hencee, (G) + B.(G) < q.

Theorem 3.28: For any PFGG = (V,E), y.(G) + v.(G) < 2q and equality holds if and only if 0 < u,(u, v) <
Ay ),0<0y(u,v) <og(w)Aoy(v)and 0 < p,(u,v) > py (W) vV pr(W)Vu, v € V.

Proof: The inequality is trivial. Further y, = q if and only if u,(u,v) < py(w) Au;(v), o,(w,v) < oy (u) A
o1(v) and p,(u,v) > p1 (W) Vo (W)Vu,v €V, y.(G) = q if and only if w, (u, v) = py (W) Ay (v) — pp(uw, v),
o,(u,v) = o(w) Aoy (v) — o, (u, v) and p, (u, v) = py (W) vV p; (v) — p,(u, v)Vu, v € V which is equivalent to
Uy (u, v) < pg(u) Apy(v) since u(u,v) >0; g,(u,v) < oy(w) Aoy (v) since a(u,v) >0 and p,(u,v) >
p1 (W) V p; (v) since p(u,v) > 0. Hence y,(G) +y,(G) = 2p ifand only if 0 < py (u, v) < (W) Ay (v), 0 <
o,(u,v) < o(w) Aay(v)and 0 < p,(u,v) > p1 (W) vV py(v)Vu,v € V.

Theorem 3.29: Let G = (V, E)be a PFG without isolated edges. Let p be the order and g be the size of G then

q
Ap(G)+1 2 e (6).

Proof: Let S be an edge dominating set of G.
Since [S|Ag(G) < Yeesde(e) = XeesINe(€)] < |Uees Ne(e)l < |E =S| < q —IS|

=|S|Ag(G) +|S| < q. Hence AE<Z)+1 >,(6).

Theorem 3.30: If S is a minimal edge dominating set in a complete PFG G = (V, E), then the edges of one of
the edge dominating set S incident with the vertices have maximum degree.

Proof: Let S be an edge dominating set inG. Assume that the edges in an edge dominating set S are not incident
with the vertices having maximum degree. Then edges of edge dominating set S are effective, which are
incident with the vertices containing minimum degree. By the definition of edge dominating set, for each
e € E — S there exists e; € S such that e;dominatese;. Hence edge dominating set S must contain more number
of effective edges. This implies S is not minimum, then it lead to contradiction. Hence edges of egde dominating
set S should be incident with the vertices containing maximum degree.

Definition 3.31: Let G = (V, E)) be a PFG and She an edge dominating set inG.

(i) if the induced subgraph E — S is disconnected then S is called split-edge dominating set ofG.

(i) if the induced subgraph E — S is connected then S is called a non-split edge dominating set ofG.

(iii) if the induced subgraph E — S is a path then S is called a path non-split edge dominating set ofG.

(iv) if the induced subgraph E — S is a cycle then S is called a cycle non-split edge dominating set ofG.
Example 3.32: (i) Consider the figure-2, Let S = {eg, e,,e,} iS an edge dominating set and E —S =
{e1, e3, €5, €, €7} is disconnected.

(ii) Consider the figure-3, Let S = {e,, e5} is an edge dominating set and E — S = {ey, e3, e4, e5 } is connected.
(iii) Consider the figure-4, Let S = {eg, e5} is an edge dominating setand E — S = {ey, e,, e3, €4} is a path.

(iv) Consider the figure-5, Let S = {e;, eg} is an edge dominating set and E — S = {ej, e;,€3,€4, 5,66} iS
cycle.

v1(0.2,0.5,0.3)  v»(0.5,0.1,0.3)  v4(0.7,0.2,0.1) v4(0.2,0.3,0.4)
;(0.2,0.1,0.3)

2 n
5
=}
[

05(0.2,0.3,0.4)

(g0‘T0C0)

7(0.2,0.3,0.4)
v7(0.3,0.3,0.4)  v4(0.2,0.5,0.2)
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Figure-2
v1(0.3,0.4,0.2) v2(0.5.0.1,0.3)
— N e,
3 €1(0.3,0.1,0.3) {04, ,
o O‘J‘fa. (3
“ 0 o)
= e4(0.2,0.3,0.2) 2,0
© o es
v5(0.5,0.3,0.2) v4(0.2,0.5,0.1)
Figure-3

v5(0.3,0.5,0.1) v4(0.3,0.2,0.5) v3(0.2,0.7,0.1)
Figure-4
v1(0.3,0.1,0.5) v2(0.2,0.3,0.4)
5
»3(0.2.0‘4.043 :3(0‘4. 0.5,0.1)

v4(0.5,0.2,0.3)
Figure-5

Theorem 3.33: Let S be a cycle non-split edge dominating set in a PFG G = (V,E), if E — S vertex cover
includes all the vertices ofG.

Proof:LetS is a cycle non-split edge dominating set ofG. Assume that vertex cover of E — S does not include all
the vertices ofG then E — S must be connected. If E — S is connected, then any two edges of edge dominating
set S contains no common vertex and is disconnected. This implies that S is a split edge dominating set that
contradicts the assumption that S is a cycle non-split dominating set. Hence E — S contains all the vertices.
Theorem 3.34: If S is an edge dominating set in a PFG G = (V, E)thens(G) < v,(G).

Proof: Let S be an edge dominating set of PFG G. By the definition of edge dominating set, S must be minimum
and the edges should be effective. Minimum degree of G is nothing but minimum of degrees of all the vertices
in G. Since degree of a vertex v is the sum of the weights of all effective edges incident in v, implies cardinality
of an edge dominating set S should be maximum. Hence the minimum degree of G is less than the cardinality of
an edge dominating setS. Therefored (G) < v, (G).

REFERENCES

[1]. Al-Hawary T. Mahmood T, Jan N, Ullah K and Hussain A. (2018). On intuitionistic fuzzy graphs and some operations on picture
fuzzy graphs. Italian Journal of Pure and Applied Mathematics.

[2]. Atanassov K.T. (1986). Intuitionistic fuzzy sets. Fuzzy Sets and Systems, 20(1), 87-96.

[3]. Cen Zuo, Anita Pal and Arindam Dey,(2019) New Concepts of Picture Fuzzy Graphs with Application, ). Mathematics, vol.7(470),
1-18.

[4]. Cuong B.C. and Kreinovich V. (2013). Picture fuzzy sets-a new concept for computational intelligence problems. In 2013 Third
World Congress on Information and Communication Technologies (WICT 2013), IEEE, 1-6.

[5]. Ismayil M and Bosley A.(2019). Domination in picture fuzzy graphs, American International Journal of Research in Science,
Technology, Engineering & Mathematics - 5" International Conference on Mathematical Methods and Computation(ICOMAC-
2019, February 20-21.

www.ijceronline.com Open Access Journal Page 44



Edge Domination in Picture Fuzzy Graphs

[6]. Ismayil M and Ali M. (2014). On strong interval-valued intuitionistic fuzzy graph. International Journal of Fuzzy Mathematics and
Systems, 4(2), 161-168.

[7]. Parvathi R, Karunambigai M and Atanassov K.T. (2009). Operations on intuitionistic fuzzy graphs. In 2009 IEEE International
Conference on Fuzzy Systems, 1396-1401.

[8]. Parvathi R and Thamizhendhi G. (2010). Domination in intuitionistic fuzzy sets. Notes on Intuitionistic Fuzzy Sets, 16(2), 39-49.

[9]. Rosenfeld A. (1975). Fuzzy graphs, fuzzy sets and their applications to cognitive and decision process. m. eds.

[10]. Somasundaram A and Somasundaram S. (1998). Domination in fuzzy graphs-I. Pattern Recognition Letters, 19(9), 787-791.

[11].  Zadeh L.A. (1965). Fuzzy sets. Information and control, 8(3), 338-353.

Mohamed Ismayil A" Edge Domination in Picture Fuzzy Graphs"International Journal of
Computational Engineering Research (IJCER), vol. 09, no.8, 2019, pp 39-45

www.ijceronline.com Open Access Journal Page 45



