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The idea of a fuzzy graph is a generalisation of graph theory. The fuzzy graph is now finding a lot of application
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A Survey on Domination in Different types of Fuzzy Graphs

1. Introduction

Fuzzy graph theory was introduced by Euler in
1736. Graph theoretical concepts are extremely
used in topology, geometry number, theory algebra,
operations  research, optimizations, biology,
computer science and social system. The first
definition of fuzzy graph introduced by Kauffman
[1] it was based on Zadeh’s concept of fuzzy sets in
the year 1965 [2]. Rosenfeld proposed the fuzzy
graph notations, as well as numerous fuzzy
analogue ideas of cycles, trees, routes, and
connectedness, as well as some of their features, in
1975 [3]. Bhutani and Rosenfeld proposed the
concept of strong arcs and fuzzy end nodes, as well
as a geodesic fuzzy graph [4] the works on fuzzy
are also done by Akram Mordeson, Samanta,
T.Pathinadhan, Dudak, Devaz, Borzooei, Hossein
Rashmanlou, M.Pal, Sunita, R.A.Pradip, Telebi,
Yeh, and Pramanik [[5]-[10]. A Fuzzy graph has
another important branch that is domination
number in graphs. The first notation for a
dominance set came from the game of chess, where
the challenge was to cover the entire 8-by-8
checkerboard with the fewest amount of chess
pieces possible. Ore and Berge first proposed the
concept of graph dominance in 1962. The
dominance number and independent domination
number were introduced by Cockayne and Hedetni
emi. [11].

A.Somasundaram and S.Somasundaram developed
the fascinating concept of domination in fuzzy
graphs. [[12], [13]]. Domination in fuzzy graphs
and employing domination in strong arcs were
studied by Nagoor Gani and V.T. Chandrashekaran
[14]. We the summarise dominance on several
types of fuzzy graphs in this study.

Preliminaries

Graph

Intuitively, a graph G(V, E) is a pair consisting of a
set of vertices (nodes) and a set of edges. In 'V, an
edge is an unordered pair of vertices (X, Y).

Fuzzy Graph

A graph G(V,E) intuitively is defined as a pair
consisting of a set of points and a set of edges. An
edge is an element of the fuzzy set E: X XY —
[0,1].

Domination

A dominating set of each node V(G) — D is close to
at least one neighbour D in a vertex subset D of
graph G(V,E). The maximum cardinality of D is
called the domination number and it is denoted

by v(G).
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Intuitionistic Fuzzy Graph (IFG)

An Intuitionistic Fuzzy Graph (IFG) is the form of
G = (V,E) where (i) V={V,,V,, V3, ..., V., } such that
a,:V — [0,1] and 3;: V — [0,1] denotes the degree
of membership and non-membership of the element
x;€V respectively and 0 < oy (x;) + B1(x;) < 1 for
every x;eV. (ii) ES V x V where a,: VXV - [0,1]
and B,:VxV—[0,1] are such that a,(x;x;) <
min{ay (x;), o (X))} and
B2 (xi, x;) < max{p, (x;), B1(x;)} and 0=
o (X, X)) < Ba(x3,%5) < 1 for each (x;,x;)€E.

2.5. Interval Valued Fuzzy Graph (IVFG)

B = {x, [ug (%), uf (x)]: xeV} Defines the set of
interval-valued fuzzy B on a set V, where
ug and pg are fuzzy subsets of V, so that ug (x) <
ug (x) for all xeV.

If G* = (V,E) be a crisp graph, then by an IVFR A
onV, we mean an IVFS on E such that p; (xy) <
min{pug (X ug ()} and
wh(xy) = max{ug(x)pg(y)} for all xyeE and we

compose A = {x, [y (xy), ua (xy)]: xy: E}.

Bipolar Fuzzy Graph (BFG)

A bipolar fuzzy graph (BFG) is of the form G = (V,
E) where (i) V={V,,V,,V; ..., V,} such that
ut:X - [0,1] and pi:X - [-1,0] (ii) Ec VXV
where uf:VxV-1[0,1] and u;:VxV - [—1,0]
such that pgy; = 13 (vi, vj) < min (pf (vi), 1f (v)))
and pg;; = p3 (v, vj) < min (g (vi), uy (vp)) for all
(vi,vj) €E.

Fuzzy Soft Graph (FSG)

Let V = {x4,X;,X3,...,Xy } (nOn empty set) E
(parameters set) and Ac E. Also let

Q) p: A - F(V) The set of all collection fuzzy
subsets in V and every element e of A mapped to
p(e) = pe (say) and p.:V - [0,1], every element
x; corresponds to p.(x;) and we call (A, p), a fuzzy
soft vertex.

(i) A — F(VxV) The set of all collection
fuzzy subsets in V x V and which corresponds to
every element e to A mapped to p(e) = p. (say)
and p:VxV-[01] , each element (x;x;)
corresponds to p. (x;, x;) and we call (A, ), a fuzzy
soft edge.

Then ((A, p), (A, w)) is called FSG if and only if
te(xi, Xj) < pe(xi) Ape(x;) for all e € A and for
alli,j = 1,2,3, ...n, this fuzzy graph is denoted by
Gav-

Hesitancy Fuzzy Graph (HFG)

A Hesitancy Fuzzy Graph G(V, E), where the set of
node V is a triplet fuzzy function. It is defined by
o, :V->[0,1],B,:V->[0,1] and u, : V- [0,1] is
called as membership,
non-membership and hesitancy of the node v; € V
respectively and o, (vy) + B, (v)) +p, (vy) =1,
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W (vi) = 1= [oy(v)) + By (vi)] . The edge set
of G(V,E) is a triplet fuzzy function, it is defined
by a, : VXV ->[0,1],B,: VXV ->][0,1] and s :

VxV-[01] S0 that
oWv) <A , B(uv) <V
Bl (V) ) H2 (u: V) < [LEY (u)/\ V5T (V) and 0<

a, (uv) < B, (uv) <y, (uv) < 1 foreachuv € E.

Anti Fuzzy Graph (AFG)

An anti-fuzzy graph G(o, i) is an ordered pair of
functions 0: V - [0,1] and p: VX V - [0,1] where
for allu,v € V, we have p(u,v) = o(u) vV o(v) and
it is denoted by G4 (o, W).

Picture Fuzzy Graph (PFG)

A Picture Fuzzy Graph (PFG) is of the form G =

(V, E) where

(i) VvV={ vq,vy,vs,...,vy } such that by oy :
V-[0,1], B, : V-]0,1] and p, : V- [0,1]
degree of Positive membership, neutral
membership and negative membership of the
element v; € V respectively and 0 < o, (v;) <
Bi(vi) S (v) <1 for every v;eV ,
i=123,..n.

(i) ESVxVwhere a, : VXV -[0,1], B :
Vx V- [0,1]and p,:V x V - [0,1] such that
oz (vi, v {og (vi) Aoy (Vj)} ,
B2 (Vi’Vj) 5{31(Vi)/\|31("i)}412 (viyvy) <
w (V) V w(vy) and 0<a, (vivj) +
By (Vivj) + 1z (vivj) < 1 for every v, v; €E,
i,j=123,..n.

Here, the 4-tuple (v;i, o, Bii, ;) denotes the

degree  of  positive  membership,  neutral

membership and negative membership of the vertex

viand the 4-tuple (ejj, ajj, Byj, W) denotes the

degree  of  positive  membership,  neutral

membership and negative membership of the edge

relation ej; = (v;, vj).

Domination in different types of fuzzy graph
Intuitionistic Fuzzy Graph (IFG)

In 2010, R.Parvathi and Thamizhendhi [16]
addressed the concept of cardinality in IFG and
discussed the definition of set of dominating,
dominance number, set of independent domination,
independent domination number, set of total
domination, and total domination number, bipartite,
complete bipartite, strong arc, and the strength of
connectivity in IFG. The collection of an
independent set is the set of maximal independent
set of IFG, G = (V,E), if and only if it is a
collection of an independent and dominant set,
according to the author G = (V,E) is the least
dominant set for each maximal independent set in
an IFG, and t (G) = O (G) if and only if each node
of G has unique neighbours. Furthermore
investigated some of these properties concepts for
them. In 2011, Vinoth Kumar.N, Geetha Ramani.G
[15] developed the concept such as set of
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independent  dominating, set of effective
dominating, set of strong (weak) domination, set of
connected dominating for an IFG and proved some
results on these parameters such as, if G be an IFG
then Dvie(G) < veir(G), (D)ysir(G) <
YWif(G)' (lll)yle(G) < Yeif(G) and if G is an IFG of
order O( G) then O(G)\[1 + Ax(G)] < vir(Q) <
O(G) — An(G) . Furthermore, introduced the
domination of these sets and investigated some of
the properties for these parameters in IFG. These
concepts were applied on various types of IFG.
S.Velammal [17] in IFG concept of set of edge
domination, set of total edge domination, edge
domination number, and total edge domination
number were defined. Author proved G be a fuzzy
graph with q edges y; = q if and only if each edge
of G has a unique neighbour and also proved for
any G is an Intuitionistic Fuzzy Graph without
isolated edges y;+ ¥ < 2q and equality holds
provided that the number of edges in G is even that
is 2n. For the parameters, Nordhaus - Gaddum
type results were also obtained. J.John Stephen et
al.[18] established the set of connected domination,
set of efficient domination, set of total strong
(weak) and set of independent domination in
Intuitionistic fuzzy graphs, a new dominating
parameter of these sets was introduced, and the
property of these parameters was examined also
proved G, = (V,Ey) and G, = (V,, E,) be
two IFG V;&V, respectively with V; NV, =
¢ then (i) Y(Gy + Gz) min{y(Gy), y(Gz){m; (w) +
W (), y1 (W) + v4 (V)}}(ii)Y1(G1 +

Gz) min{y; (G,),v1(G2)} Wwhere
u, eVy, veV,(iii)D, XD, is a set of
dominating G;0G, (iv) D;andD, is a set of
minimum dominating in IFG then y;(G;®G,) <
{ID; X V,|, |V;XD, |}. R.Jahir Hussain and S.Yahya
Mohammed [19] defined global domination set and
global domination number in IFG. Also obtained
some of the theorems and bounds of these
parameters in IFG and proved if G= (V,E) be the
purely semi-complete IFG then yg- set contains at
least three vertices. Also introduced the
complementary nil domination, complementary nil
domination number in IFG, and obtained some of
their bounds in standard types of IFG. Also some
theorems, such as the dominant set S is cnd-set if
and only if it contains at least one enclave were
proved and any IFG G = (V, E), every cnd-set of G
intersects with each set of dominating in G also
cnd-set G= (V,E) in IFG is not a singleton [20].
V.K.Santhi and S.Jayalakshmi [21] introduced the
concept of edge double domination and domination
number. The author also defined the total edge
double domination and its number in several
classes of IFG. Further obtained some of the
bounds for these parameters and then given some
important results such as for any IFG y”’ + y" and
equality holds if and only if 0 < p, (uv) < o, (u) A
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o;(v)and 0 < py;(uv) < o,(w) Vo,(v) VuveV

and any IFG with g edges y"”, = qif and only if
every edge has two neighbours. P.Gladyis et al.
[22] defined the concept set of split independent
domination, set of independent strong (weak)
domination, set of inverse domination in IFG, and
inverse independent dominating set in intuitionistic
fuzzy graph and proved some of the interesting
results if so YiSif(G) < Yiwif(G) and Y_l(G) <
Bo(G) . Further proposed to introduce new
dominating parameters in IFG and applied these
concepts to intuitionistic fuzzy graph models. J.
John Stephan et al. [23] defined the concepts of a
set of strong (weak) domination and the strong
(weak) domination number in IFG and proved
some of the dominating properties. Further given
some of the results if G = (V,E) IFG and order of p
then Yif(G) < v54(G) <p—An(G) =p-—
Ag(G) and y;¢(G) < ywa(G) <p—65(G) <p—

6g(G). Also G be complete intuitionistic fuzzy
graph, u,v € V be the nodes having the minimum
and maximum node cardinality in G respectively

1+ - 1+ _
Ysa(G) < PO gy (G) < BN

Parvathi. R and Thamizhendhi.G [25] defined the
operations such as ring sum, join, lexicographic
product, Cartesian product, strong product, and
tensor product, o-product, B-product, and -
product of two IFGs. Also proved for G; =
(VL,E)) &G, = (Vy, Ey) any two IFGs
and D, & D, are the two dominating sets (i) Then
D, xD, s a dominating set of
Gy © Gy, (ii) If D; and D, be a set of two minimum
domination then  d(G;0G,) < min{|D; X
V,|, |V, X D,|}refers to the cartesian product, in
crisp sense (iii) G; X G,is connected (iv) If D, is
connected then D, xV, set of connected
domination of a G; X G,.(v) if D, is connected
then V; x D, connected dominating set of G; X
G,. Further investigated some domination
parameters like independent domination, connected
domination, total domination on join, cartesian,
lexicographic, tensor, and strong product of two
IFGs. Nagoor Gani et al. [24] have given some
results of a set of point set domination and
domination number in IFG. Also established
intuitionistic fuzzy point set domination sets of
purely semi-complete in IFG and obtained some
the bounds for them. Furthermore, derived some of
their results such as for any IFG Min{ |v;| <
Yip(G) < p}, if G be an IFG and S is intuitionistic
fuzzy point set dominating set and u,veV —S
then there are at most two strong arcs between u
and v. If G is a purely semi-complete IFG with n
vertices and S is an intuitionistic fuzzy dominating
set with more than or equal to n — 2 vertices, then
S is an intuitionistic fuzzy psd-set in G [26].
Nagoor Gani and S.Anupriya [24] examined non-
split dominance and global non-split dominance
were examined, as well as other varieties of non-
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split dominating sets such as path non-split
dominance, cycle non-split dominance, and strong
non-split dominance, and proved some theorems
for this known parameter such as for any IFG

G = (V,E),yns(G) < Ao(—(GG)) and if the degree of
1

each vertex in the IFG is the same, then a cycle non
split dominant set occurs. If D is a cycle non-split
dominating set, then D must have at least one
strong arc, and any complete IFG with vertices
P > 3 must contain a strong non-split dominating
set.

Nagoor Gani et al. [27] discussed the concepts of
double dominating set of Intuitionistic Fuzzy
Graphs and some of their properties, also proved D
set of double domination it is a minimal if and only
if one of the following conditions holds for any two
vertices {v,w} € D (i) there exists a node u € V —
D so that NwnND={v,w}@i)V-D s
disclosed. (iii) if D is a set of minimal double
domination then W(D) < 6(G) + 2 and W(D) =

. 0(G) ;
A(G) — 1 (iv) yg4(G) = ™ (G)HwhereAy(G) is the

maximum y —degree of G (v) Y 1(G) < yq4(G) <
[V] where y~1(G) inverse domination number (vi)
if double dominating set D in G, then G is
independent in contrast to not in G. Also finally
discussed how this parameter related to set of
minimal domination, independent sets, end nodes
and cut vertices in IFG. P.J.Jayalakshmi et al [28]
derived the concept of IFG in total strong (weak)
domination, degree of a node in intuitionistic fuzzy
graph, order of intuitionistic fuzzy graph, size of
IFG, Semi-p Strong IFG, semi-p strong domination
IFG. The Author proved some of the examples and
theorems such as (i) vsi(G) < teir < 0(G) —
An(G) £ 0(G)—Ae(G) (iDysir(G) <

tewit < 0(G) — 8n(G) <

0 (6)— 8g(6) (i) yesie(G) <

Yewif(G) and (iv)0(G) — S(G) < vusie(G) <
0(G)—=8g(G) (V)O(G) = S(G) < Yiwif(G) <
0(G)—Ag(G). S.John Stephen et al. [29] developed
the concept of multiple domination and explained
in detail finding algorithm to set of K domination of
an IFG and proved if D is a set of minimal node
domination of an IFG in G then there exist a node
in (V — D) is not dominated by multiple nodes and
if G; or G, be an IFG, D, be the K; dominating set
of G;thenD; XV, is the set of
minimum K, domination of G;XG,. Also
discussed some of their results in operations
in IFG. P.J. Jayalakshmi et al. [30] established the
concept of total semi-p strong (weak) domination
in IFG and demonstrated theoretically semi-p
strong (weak) IFG and took minimum value
between the two edges. Discussed some of the
theorems like for any semi-p IFG (i) yisie(G) <
ttsusif < O(G) - AN(G) <

O(G) _AE(G) (ii)Ytsif(G) = teswsit = 0 (G) -

8y (G) =0(G) -85 (G) (iii) Ytsu—sif(G) =
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Yesp-witf(G) and  (iv) O(G) —S(G) <

Yisp—sif (G)O(G) — 8g(G) (v) O(G) —

S(G) < Yesp—sif(G) < 0(G)—Ag(G) and has given
some of examples related to total semi-u strong
(weak) domination in IFG. Ponnappan et al. [31]
introduced the concept of a set of connected
domination, set of connected strong domination, set
of disconnected strong domination, set of left semi-
connected domination, set of right semi-connected
domination, set of total connected strong
domination and set of total disconnected strong
domination number for several classes of
intuitionistic fuzzy graph. Also proved for any IFG
YCS(G) < Ytcs (G) < 2ch (G)' Y(G) < Y]CS(G) and
all connected strong dominating sets are minimal
dominating sets on the intuitionistic fuzzy path, and
it has exactly two connected strong dominating
sets. For the above parameters, author obtained
bounds and a Nordhaus — Gaddum type result.
M.G Karunambigai et al. [32] developed a set of
edge domination using strong edge and set of edge
independent in IFG. Also determined edge
domination number for various classes of IFG and
proved some of results such as for IFG is a
collection of edge independent set with only strong
edges is a set of maximal edge independent if and
only if it is set of edge independent and set of edge
domination also proved if IFG is set of maximal
edge independent then it has only strong edges is
a set of minimal edge domination of G. Finally
discussed the relation between them and introduced
a regular dominating set and regular independent
set in IFG and given suitable examples, also proved
set of independent in IFG if and only if it is the set
of regular independent and the regular dominating
set and every maximal independent set in an IFG is
a regular minimal dominating set of G. A. Nagoor
Gani et al. [33] investigated the concept of edge
domination number and some parameters as well as
edge dominating sets, cut vertices, end vertices, and
set of independent edge domination also proved
some remarkable results in edge dominating set in
IFG such as G = (V,E) for an IFG if D is an edge
dominating set with end vertices, then at least one
end vertex occurs in D. If G is edge dominating set
then (i) 8(G) < v.(G) (ii) the edges of an edge
dominating set D incident with the vertices
containing maximum degree. (iii) at least one set of
edge domination D itself is an set of edge
independent and also proved D;and D, be an
IFG ,D; be the set of edge domination in
IFG G;and G, then D; XD, is not an edge
dominating set of G, X G,.
M.G Karunambigai [34] investigated the concept
set of a secure domination, set of secure
domination number, set of secure total domination,
set of secure total domination number in IFG and
determined several classes of IFG and proved some
important theorems found here. If Sis a minimal
dominating set in complete intuitionistic fuzzy
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graph G, then (i) S is a set of secure domination, (ii)
S is not a set of secure total domination (iii) S is not
a set of 2-domination (iv) Sis not a set of 2-total
domination. Finally derived if G is an IFG, then
v5s(G) = v3(G) and if G be an IFG with only
strong and without isolated nodes and S is a set of
minimal secure domination. Then V. — Sisa set of
secure domination in G. C.Y Ponnappan et al. [35]
discussed the concept of neighbourhood connected
total domination in an IFG, neighbourhood
disconnected total domination in an IFG,
neighbourhood connected perfect domination in an
IFG, and neighbourhood disconnected perfect
domination in IFG. Finally discussed this
domination parameter compared with other known
parameters and given some of the results on if G be
an IFG then y(G) < Yies(G) < 2y4(G) and if G
be an intuitionistic fuzzy path, all set of connected
strong domination are set of minimal domination.
Sankar Sahoo et al. [36] defined covering and
matching using strong arcs in an IFG and discussed
the concept of strong matching, strong arc cover,
strong cover node, and strong independent number
in IFG. Finally, the author introduced and
investigated paired domination numbers using
strong arcs, strong paired domination numbers of
complete IFG, complete bipartite IFG, and
discussed some of their properties and theorems
such as for complete bipartite IFG K/, with
partite set V' and V'’ then ago(Kyr o) =A
{Wl(vl): W1(V”)} and (XSZO(KGI,G”) =
VW, (V"), W,(V')}. If every IFG G = (V, 0, ) of
order (m, n) containing no isolated vertices oy, +
Bso =W(V) <mandog +Bs5; =n . S.Revathi
[37] developed some of the parametric criteria and
presented the concept of a set of perfect domination
and its domination number for constant IFG. In
addition, several features of the set of perfect
domination in constant IFG were studied. and total
constant IFG with suitable examples and given
some results if constant IFG of degree (k;, k), then

) var@®<p<q (i) WG =<0@)<
S(G) (iii) |0y — Sy| < vpar(G®) < |0, —
Sl (V) vpair@ <2 ) () < vpae(©) <

3(a = A,)(vD[0y = Ay| < Vpeir(@) < [0y =4, .
Praba B et al. [38] defined the energy of such graph
and analyzed the spreading of a virus on the Energy
of dominating IFG and illustrated with suitable
examples. R.Vijayaragavan et al. [39] extended the
Energy of an IFG to dominating energy in various
products in IFG and obtained the value of
dominating Energy in different products like o-
product, B-product and y- product between two
IFGs. Also explained comparison between the
dominating energy in the various products in two
IFGs. V Senthil Kumar [40] discussed the concept
of strong arc and non-strong arc in an IFG like
intuitionistic fuzzy cycle and intuitionistic fuzzy
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path, introduced the definition of
p-strong arc, effective arc, semi-effective arc.
Furthermore, proved if G be IFG with any two
vertices are connected by exactly one path, then
each arc of G is a strong arc also investigated every
connected non-trivial Intuitionistic Fuzzy Graph G
has at least strong arcs when n = 2. In the
intuitionistic fuzzy cycle, there can be at most two
non-strong arcs. Also, let G be an IFG if the arc (u,
V) is an effective arc in G, then it does not have to
be a strong arc in G (it must be a semi-strong arc).
Jehruth Emelda Mary. L and K.Ameebal Bibi [41]
introduced the concept of domination intuitionistic
triple-layered FG and total domination in the
intuitionistic triple-layered fuzzy graph (ITLFG).
Then illustrated with some suitable example
parameters for them and proved G be ITL fuzzy
graph then v(G) +y(G) < 2p, wherep —
number vertices p = 3 and G be ITL simple
fuzzy graph the total domination number y.(G) = p
if and only if each vertex of ITL has unique
neighbour. Also extended to a simple Intuitionistic
Triple Layered Fuzzy graph. A.Kalimulla et al.
[42]. The concept of dominating energy in
operations on an Intuitionistic Fuzzy Graph was
extended, and the value of dominating Energy in
different operations was determined. Basic
definitions for Laplacian energy of an IFG were
given, and the dominating Laplacian energy of
different operations of IFG was defined.
Furthermore the author examined the complement
dominating energy of an IFG and investigated the
join and union of the two IFGs on in this
parameter. R.Buvaneswari and K.Jayadurga [43]
defined the concept of nil complementary
dominating set in an IFG, nil complementary
dominating number in IFG, and some of their
properties and derived some of the theorems.
J.John Stephen et al. [44] developed the concept of
a vertex cover in an IFG and obtained some of their
results if G be an IFG and K € Vis a minimum
node cover of IFG in G then V(G) — K is a set of
independent in G. If G be a complete IFG then
Bir(G) = 6x(G) and G be a complete bipartite IFG
then B(G) = min(|v,], |v,|). Also finally proved
for G be an IFG and ueV such that Ay(G) =
dy(u) thenueK . S.Ravi Narayanan and
S.Murugesan [45] defined ((c;,c;),2) - regular
domination in IFG. Then introduced ((cy, c,), 2) -
regular intuitionistic  strong  (weak) fuzzy
dominating set. Also obtained some of the
properties  ((cy,c;),2) - regular  domination
and((cy, c3), 2)- regular intuitionistic strong (weak)
fuzzy dominating in IFG. Finally proved some
results like if G be an IFG then yy(G) <
Yrist(G) < P — An(G) < P — Ag(G) and v,4(G) <

Sn(G) < P —65(G) Dr.K. Kalaiarasi and
P.Geethanjali [46] introduced the mixed IFG and
defined the direct product of two mixed IFGs,
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semi-strong and semi-product of two square mixed
IFGs. Also defined dual strong domination and
investigated some of their results such as if
G, and G, are MIFG then G, [] G,is also an MIFG,
if G; and G, are SMIFGs then G;eG, is also a
strong SMIFG and if it is complete SMIFG
then G; ® G,. For G be an MIFG and if G contains
only one strong arc then ypsm(G) = 0,G, and G,
be a strong SMIFG then the set of semi strong
product of two SMIFGs contain dual strong
domination number. A.Bozhenyuk et al. [47]
introduced the notion of a set of domination an
invariant of the IFG. Also finding an algorithm for
all set of minimal intuitionistic dominating the
node subset and proposed dominating set of this
parameter in this method is the generalization of
Maghout’s method of fuzzy graph. J.John Stephen
et al. [48] defined regular dominating sets and
domination numbers in IFG and proved if dy(v) =
An(G) in an IFG of G then the degree of each node
in yr(G) set is equal to Ay(G). If D, and D, be the
set of minimal regular domination of G, and G,
respectively then the set of regular domination
Gy U Gy is Yr(Gy U G3) = [D4| + [Dz]and yg(Gy +
G,) = min{|D,|,|D,|}. The author defined the set
of total domination and set of total domination
number in IFG and obtained some of the results for
G be complete IFG, then y;er = |u|, here dy(v) =
An(G), if G be a complete bipartite IFG then
Yier = lu| + |v| here u and v having the lowest
cardinality among the node sets in the set V;and
V, respectively and G be an IFG and u is the node
having maximum or greatest degree of the graph of
G then yier < 0(G) — Ax(G) [49]. A.Bozhenyuk et
al. [50] considered the vertex subset of minimal
intuitionistic dominating and a domination set of
the first kind IFG and developed a method for
finding all minimal dominating node subsets then
proved that this method gives an exact outcome.
Also discussed the point of view of invariants the
dominating set estimated in any IFG. In this
method the generalization of Maghout’s method of
FG.

Interval Valued Fuzzy Graph (IVFG)

Pradip Debnath [51] introduced the concept of a set
of domination, set of domination number,
collection of independent set, etc in IVFG and has
given some characterizations for set of minimal
domination and finding relations between set of
domination and collection of independent set.
Furthermore, obtained some of the parameters for
them and proved some of the results such as G is a
set of all maximal independent in IVFG if and only
if it is both set of independent and dominating set,
and it has been demonstrated that any maximal
independent set is also a minimal dominating set.
Also if y, = p then number of vertices in G is even.
Seema Mehra and Manjeet Singh [52] developed
the concept of complementary nil domination in
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IVIFG and also obtained some of the theorems and
results like for if G is an IVIFG, dominating set X is
cnd-set if it contains at least one enclave, and cnd-
set of an IVIFG G = (A,B) of the graph G* =
(A,B) is not a singleton. Also proved for any
IVIFG G = (A, B) of the graph G* = (V,E), and X
is a cnd-set of graph G, if two enclaves is x and y
then following condition holds (i) N[x] n N[y] #
@ and (i) x and y are adjacent. S.Yohya
Mohammad and M.Saral Mary [53] defined the
concept of domination parameters on IVIFG and
defined some of the properties. Then discussed and
defined complementary of IVIFG and proved some
of the theorems such as any IVIFG G = (V, E) with
IVIF end vertex then y,(G) =y(G) and G be a
strongly connected IVIFG then y.(G) < y4(G) .
Finally introduced immoderate semi-complete,
purely semi-complete in IVIFG and defined some
of their properties. Saral.N and Kavita.T [54] in
IVFG, author introduced the concept of strong
(weak) dominance. Also derived some of the
theorems such as if D be a set of minimal strong
domination in IVFG of G then for each u € D of the
following condition holds (i) No vertex in D has a
strong dominante on v (ii) There existsve V—D
such that v is the only node in D that has a strong
dominance over u also proved if G be an IVFG of
order p then y(G) <vs(G) < p—AN(G) <p-—
Ag(G) and y(G) < v (G) =p—8yx(G) <p-—

6g(G)and established relations between domination
number in IVFG and strong (weak) domination in
IVFG. S.Revathi et al. [55] in IVFG author
establishs the concept of a set of an equitable
dominance. Also, several theorems were obtained,
such as if S is a set of minimal equitable
domination in IVFG, then the following holds for
each u€ S (i) N(u) n' S = ¢ (ii) there is a node
v € V — Ssuch that N(v) n'S = {u} and G be
an IVFG without isolated nodes, S be a set of
minimal equitable domination of G thenV — Sisa
set of equitable domination of G. N.Saral et al. [56]
combined the concept of IVFG and fuzzy graph
with domination number and also introduced
(weak) strong complete and complementary
domination in IVFSG. Furthermore, obtained some
results for this new parameter in interval-valued
fuzzy soft graphs and proved some of the theorems
related to this concept such as if M is a set of
minimal strong domination IVFSG of G then for
every u € M if one of the following conditions is
true, (i) No node in M strongly dominates V (ii)
There exists v € V — D such that v is the only node
in D which strongly dominates u also proved if G
be an IVFSG with an order of p then y(G) <
¥s(G) < p—An(G) = p—Ag(G) and y(G) <

Yw(G) < p—8n(G) = p—8g(G).G  be a
complete IVFSG without isolated nodes, S be a set
of complete minimal domination in G thenV — S
is a complete dominating set of G and G be a

Eur. Chem. Bull. 2023, 12 (3), 2523 2538

Section A- Research paper

complete IVFSG, every maximal independent set is
a minimal dominating set. Nooralden. O. et al. [57]
introduced the concept of a set 2-domination, 2-
domination number and using effective edges in
IVFG and obtained some of their results the
relationship between 2-domination number known
parameter in IVFG and given some important result
that is for G = (A,B) be any IVFG and D be
minimal 2-dominating set of G if G # Kpand #
Kmnthen V. — D need not be a 2-dominating set
of G, if .G=K,,,,Iis a complete bipartite fuzzy
graph theny,(G) = min{|V,|,|V,|} and G be any
IVFG (i) every vertex of G has a unique neighbour
then y,(G) = p, (ii) if G* = nK, then y,(G) = np
(iii) if G # Kptheny,(G) < p — 8y. Also proved
every double dominating set D of an IVFG of G is a
2-dominating set of G . Ahmed N.Shain and
Mahiuob. M.Q Shubatah [58] introduced inverse
domination numbers and provided several interval-
valued fuzzy graphs, such as complete, complete
bipartite, star, etc. Also obtained upper and lower
bounds of inverse domination in IVFG and some of
their results such as if G be an IVFG then (i)
Y(G)+y(@G) <p (i) ¥(G)+Y'(G) <2p (iii)
Y'(G) <p—Ax(G) (iv) G has without isolated
vertex they(G) < y'(G)and y(G) < By(G).

Bipolar Fuzzy Graph (BFG)

M.G Karunambigai et al. [59] in BFG proposed the
idea of dominance, which is both independent and
irredundant, and proved certain theorems, such as
G = (V,E) is a set of minimal domination in G if
and only if one of the following criteria holds, for
each d € D, there is a node veV —D such that
N(v)nD =d and d is not a strong neighbor of
any node in D. If G be without isolated of BFG and
D is a set of minimal domination then V — D is a set
of domination in G. If independent s if G be a set of
maximal independent in BFG then G is a set of
minimal domination. On BFG, we also looked into
various irredundance features. and given some
important results such as if any BFG G = (V, E)
with order O(G) and minimum degree 8(G) then
irg (G) < 0(G) — 6(G) and for any fuzzy graph of
order O(G) and minimum neighbourhood degree
6(G), irg (G) + IRg (G) < 2(0(G) — 6(G)). The
equality holds if and only if (G) — &(G) divides
0(G). V.Mohanaselvi and S. Sivamani [60]
introduced the paramount domination number and
proved some of their theorems and results that is G
be a BFG, dominant set D is pad-set if and only if it
has at least one enclave and pad-set of B is not a
singleton and not independent. Also proved pad set
of B¢ is minimal if and if u € D then at least one of
the following conditions holds (i) N[u] N ND =
@ and (ii) there is a node v € V — D such that
Nw) nD = {u} (i) V— (D-{u}) is a
dominating set of B;. Also studied this parameter
for connected non-complete fuzzy graph. Again,
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author introduces the concepts of global
domination in BFG and gives necessary and
sufficient conditions for a global dominating set.
Also defined semi-complete, purely semi-complete,
semi complementary, and semi-global domination
and obtained some of their results and theorems
such as if G be a BFG with effective edges,
then min{|v;| + |v]-|} <vg(G) <pi#j. IfGbe a
purely semi BFG, then the global dominating set
contains at least 3 vertices. Let G be a connected
BFG with effective edges if G¢ = G5¢ then there
must be at least two effective edges between each
pair of non-dominating vertices. The global and
semi-global bipolar fuzzy dominating sets D in G
are not singletons [61]. R. Muthuraj and Kanimozhi
[62] defined set of strong (weak) domination in
BFG and established the parametric conditions of
these related concepts. Also defined and
established a total strong (weak) bipolar
domination number and its parametric conditions.
Finally discussed some of the properties of strong
(weak) bipolar domination numbers and total
strong (weak) bipolar domination numbers and
proved important theorems that is if Ty is a set of
minimal total strong (weak) domination BFG of G,
then B € Ty, , satisfying one of the following
conditions (i) No nodes in Ty, strongly dominates B
(ii) there exists B € V — Ty, such that v is the only
node in T, which strongly dominates A (iii) Ty, is
the set of total domination in BFG also proved each
complete BFG is total strong (weak) domination in
BFG. RJahir Hussain and S.Satham Hussain [63]
triple connected domination and its properties
discussed in BFG also investigated triple connected
domination number for some with a suitable
example was discussed and proved some of the
important results if G has a cut vertex v such that
(G — v) >3 then G is not BFG triple connected and
T is triple connected tree if and only if T = P,,n >
2 . G be any connected BFG with p
vertices, Yprc(G) =p—1 if and only if G=
P,,C4, Ky, Ky 3, Ky — {e}, C3(P,) . Umamageshwari
et al. [64] the concept of multiple dominations and
multiple domination numbers in BFG introduced
and determined several classes of BFG then
defined the k-dominating set and-dominating
number in BFG and analyzed the some of the
properties and bounds. Also obtained multiple
domination numbers in the operations on BFG such
as join, cartesian product, and composition also
proved some of the important theorems if G be a
strong BFG with K nodes and D be a set of
minimum domination of G then V— D be a set of
K-multiple domination of G, where K=

miny. ep{[—2_1} and if D, and D, be the set of
! /\uEN(vi)|u|f

K, and K, minimum domination of a BFG G, and
G, respectively, then D; XV, and V; XD, is the
K; and K, dominating set of G; X G, respectively.
S.Ramya and S. Lavanya [65] investigated the
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concept of critical edge domination variant in BFG
and analyzed how to remove the effect of node or
an edge affect the edge domination number of
BFG. Then discussed and explored edge
domination number of various types of BFG.
Finally discussed the critical concept in BFG and
given some of the important results such as for G be
a BFG on V if vertex v is in VS then v is an end
node of some edge in every edge dominating set
of G. Also proved e = uv € E the greatest edge
neighbourhood degree in G, thene = uv € E*. A.
Prasanna et al. [66] introduced the concepts, set of
split domination and non — split domination in BFG
and investigated some of the properties for these
parameters. Also discussed the relationship
between set of split domination, set of connected
domination, set of strong split domination, and set
of non - split domination number in BFG.
R.Muthuraj et al. [67] defined the concept of a set
of perfect domination in BFG and perfect
domination number for various classes of BFG.
Also determined the sum of their properties for
perfect domination in BFG and proved some of the
results like if G be a BFG without isolated vertices
and P, be a set of minimal perfect domination of G
then V — P, is not a set of a perfect domination of G
and if G be complete BFG then perfect domination
number yp, = min{|x;|}. Also proved G be BFG
Y, (G) < 07(G) — AR(G) < 0°(G) —

AR(®) 8e(G)  and v, (G) < 07(G) — 8R(G) <
0P (G) — 8%(G), if G be perfect domination number
then it does not exists for any complement of
complete BFG of G. The same author defined non-
split total strong (weak) domination BFG and
examined the effecting degree of a vertex in BFG.
He provides the classification of size, order and
degree and non-split total strong (weak) domination
in BFG with suitable examples. Also introduced
some basic parametric conditions then the features
of total strong (weak) domination number and non-
split total strong (weak) domination number were
finally studied in BFG. and given some important
results such as if G be any Non-Split total strong
(weak) domination of BFG, then (i)YNsTb(G) >
K@ =8RG (i) NG ) <&@ <
YNst, (@) (i) yr, (G < YNst, (G) <p—-4nG)
(iv) Y1, (G) < Ynsg, (G) <p —An(G) <
q — Ag(G) [68]. R.Muthuraj et al. [69] defined
regular total strong (weak) domination and several
classifications in  BFG. He provides the
classifications of size, order and degree and total
strong (weak) domination in BFG with suitable
examples and proved if G be a regular total
strong(weak) dominating BFG then VRe, G) =
0P(G) = SP(G) and ON(G) < SN(G) <
yRTb(G).AIso introduced some basic parametric

conditions with some examples then finally
discussed the properties of regular total strong
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(weak) domination number in BFG. Mohammed
Akram et al [70] defined the domination and
double domination of BFG and notations of energy
of dominating and energy double dominating BFG.
Author discussed some of the bounds and
properties for the energy dominating and Energy of
double dominating in BFG and given important
results that is for G = (vF,vN,vP,v)') be a double
dominating bipolar fuzzy graph Wlth n vertices and
m edges and D be a double dominating
set 84, 0,, 05, ..., B,are the eigenvalues of adjacency
matrix vg(G) , then (i) XL,8, =6 (i)
2{1=1 e12 = 2{1:1(V1FI))2 + 2 <1emsn lemvlpm and
®1, O, @3, ..., @qare the eigenvalues of adjacency
matrix vg(G) , then (i) XL @ =-8 (ii)
Yy 0f =X (V)* + 2 X1ciemen VimVim

Mansour Hezam Al-Sherby and Mahioub M. Q
Shubatah [71] presented the concept of independent
domination number and determined independent
domination number in the operations on BFG such
as join, Cartesian products, strong product and
composition. The author has given some important
results that is if G, and G, be two BFG and D, be
v; —set of G; , D, be y; —set of G, then the
independent dominating set of y;(G; + G;) =
min{y;(G,),vi(G2)} .  Vi(Gy o Gy) =Dy X Dy
and v;(G;® G,) = |D; X D,|. The author in the
same year studied and introduced the concept of
independent domination of BFG and chromatic
number of BFG, investigated the relationship of
independent domination and chromatic number
with the other known parameters. Finally explained
some standard type set of independent domination
in BFG and proved some of theorems such as G is a
set of minimal domination and D be a set of
independent domination in BFG if and only if for
every deD one of the following conditions satisfied
d is not a strong neighbour of any node in D and
there is a node veV —D such that N(v) n D =d. If
G be without isolated vertices a subset D € V is an
independent dominating set then ¥V — D is a vertex
covering set of G. For independent set of BFG, if G
be a maximal independent set of BFG then G is an
independent dominating set [72]. R. Muthuraj and
Kanimozhi [73] introduced equitable domination in
BFG, defined various classifications and has given
some important results that is if G be any BFG then
Ye(G) < p and G be n-regular BFG for n > 1 then
Y1e(G) = yr(G) .Also discussed some basic
parametric conditions, and properties of total
domination number, and equitable total domination
number in BFG. In the same year author provides
the size, order, degree, etc of BFG with suitable
examples. The double domination number of a
BFG has been clarified and addresses some of the
properties of double domination on the BFG.
Finally proved some simple theorems such as if G
be a BFG then (i) y(G) < yp,(G) (ii) yp,(G) <
p and (iii) G be a set of double domination in BFG
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then y(G) +vyp,(G) <p . Also proved G be
completely bipartite BFG with n > 2 then D4 of G
exists [74]. Saqgr. H et al. [75] introduced inverse
domination number on BFG and investigated the
relationship of inverse domination with some other
known parameters in BFG and proved some of the
theorems and results for that if G be any BFG then
@ yY@+y@<p (i) Y@<p-
An(G) (i) Y'(6) S ¥ ((6) SV (6) (V) Y(G) <

P.AN(G) . .
AN (G)i1 (v) G has without isolated vertex then

Y(G) < Bo(G) also proved each set of inverse
domination bipolar fuzzy graph is inverse
dominating set of a crisp graph G, but the converse
is not true. Ambika. P and Ramya. R [76] explained
the concept of dominating critical in BFG and
analysed dominating critical properties in various
types of BFG and investigated some of the
theorems related to these concepts such as in a
complete BFG of G and D be a set of domination
then D=Vt and V—-D=V?. In a BFG (i) if
dn(G) = Ax(G)then v € V* (ii) D is a ype(G) set of
Gthen D € V* . Also proved if (G; + G,) be two
join BFG and D, and D, be a set of domination in
G, and G, then |D, | < |D,|,D; € V*,D, € V%and
ID,| < |D;|,D, € V*,D; € V°. Roseline Mary et
al [77] presented the liar domination number in
BFG and discussed some of their properties and
characteristics. Furthermore, proved some of the
theorems and results for these concepts like G is a
liar dominating set and B be set of minimal
domination in BFG if and only if for everyt,, € B
one of the following conditions satisfied t; is a
strong neighbour of only one node in B and there is
a node v € Vg such that N(v) n B ={t;, t;} and for
liar dominating set of BFG contains at least three
vertices. Also proved if liar dominating number of
complete BFG then Aky) =

S EHEORCEy g (k) =
1+P-+(ui)+ll_(ui)}]
+ 2
Zi3=1[minujev2 {W}] As’ad, Mahmoud
and As’ad Alnasar [78] investigated the concepts of
total strong (weak) domination of BIFG and
defined strong domination BIFG. Also author
proved strong domination theorems that is G be
BIFG 15 is a set of minimal total strong (weak)
domination, if and only if for every ] € Ttz one of
the following axioms satisfied (i) there is no node
of tg strongly dominates ] (ii) 3] eV -1z is a
strongly dominates only one node and tz BIFG
with total dominating set. Finally proved if G be
BIFG order of G then Tui(G) < Tighir(G) <
0(G) — Ay (G) = 0(6)—A¢(G) and Tgi¢(G) <

tewbif(G) < 0(G) = 8,(G) < 0(G)—8.(G).

Z?:l[minui €vq { +

Fuzzy Soft Graph (FSG)
R.Jahir Hussain and Saddam Hussain [79]
investigated the topic of dominance in Fuzzy Soft
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Graphs. Dominance was produced by utilising the
concepts of strength of connectivity, strength of a
path, and strong arc. Then the fuzzy soft graph was
then given a set of domination, set of a domination
number, set of a total domination and set of a total
domination number, an independent domination
set, and an independent domination number. In
addition, the required and sufficient requirements
for FSG's minimum domination set were examined.
Finally obtained some of the results such as
Gay = ((Ap),(A ) is a set of minimal
domination and D be a set of domination FSG if
and only if for every deD one of the following
axioms holds d is not a strong neighbour of any
node in D and there is a vertex veV —D such that
N@w)ND =d. If Go, = ((A p), (A, 1)) be without
isolated nodes and D is a set of minimal domination
then V — D is a set of domination in G,,. For
independent set of FSG, if G be a set of maximal
independent in FSG then G is an independent and
dominating set. Also proved G is a minimum
dominant set in every maximal independent set in
an FSG. Matthew Varkey and T.K Rani Rajjeevan
[80] defined the concepts of a set of fuzzy soft edge
domination, set of fuzzy soft edge domination
number, set of fuzzy soft t-edge domination, and
set of fuzzy soft t-edge domination numbers and
proved some of the theorems related to these
concepts that is if G, complete FSG with n
vertices must have perfect fuzzy soft t-dominating
sets, where 1 < t < n — 1 also proved if G, , is any

t
FSG then ypr_t(Gay) = GA:+1' Also the same

author introduced the concepts of perfect fuzzy soft
domination, perfect fuzzy soft domination number,
perfect t-vertex domination , perfect t-vertex
domination number and proved some of the
theorems for that G, is any FSG then y* (G, ) +
¥'(Gay) < 2S(Gay) if and only if 0 < pe(x;, %)) <
Pe (X)APe(x)) and if (xpm,x,) is an FSG without
—Af((GG:'VVjD >y, (Gay) - Also
proved if G,y is a complete fuzzy soft graph with
even nodes then there exists a set of fuzzy soft t-
edge domination and the minimum value of t is%

where n > 4 [81]. Also they have extends the
concepts set of soft fuzzy equitable domination, set
of soft fuzzy equitable independent, set of minimal
fuzzy soft equitable dominating, and set of strong
(weak) fuzzy soft equitable domination are all
notions developed by the author. Also derived
some of the theorems like D be a minimal fuzzy
soft equitable dominating set of FSG if and only if
for each x; €D one of the following axioms
holds N¢(x,)ND =¢ and there is a node x;€V —D
such that N (x;)ND =x;. If G be FSG without
isolated nodes and D is a minimal fuzzy soft
equitable dominating set then V — D is a fuzzy soft
equitable dominating set of G. If G be FSG with

isolated edges then
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order p  then  y*B(G) < y*B(G) <p-
AefS(G)and yefs(G) < ywefs (G) <p-

8°5(G). Finally proved G be FSG then y¢(G) <
BefS(G) and if G be a set of soft fuzzy equitable
independent and S is a set of maximal soft fuzzy
equitable independent if and only if it is a set of
soft fuzzy equitable domination [82], T.K Rani
Rajjeevan and Matthew Varkey [83]. introduced
the concepts of domination parameters like set of
fuzzy soft accurate domination, set of fuzzy soft
accurate domination number, set of fuzzy soft
connected accurate domination, set of fuzzy soft
connected accurate domination number and derived
some of the results such as if G,y be a fuzzy soft
connected graph with more than 2 nodes for every
parameter, then Yis(Gav) < Visa(Gav) <
stca(GA,V) and stc(GA,V) < stca(GA,V)- If GA,V
be a fuzzy soft complete graph with more than 2
nodes for each parameter all nodes having unequal
fuzzy soft cardinality then yeea(Gay) =
AXeea Pe(Xi)]. Also proved fuzzy soft connected
equitable domination set and obtained some of the
results that is for G, v is a fuzzy soft regular graph

then Ysce (Gav) = Yisc(Gav)and Gy is any fuzzy
soft connected graph  then ny(GA,V) <

ste(GA,V) < Yfsce (GA,V) also stc(GA,V) <
Yfsce (GA,V)-

Hesitancy Fuzzy graph (HFG)

R.Jahir Hussain et al [84] address domination in
HFG and established the topic in strength of path,
the connectivity strength, and strong arc dominance
set in HFG. Finally investigated some of the
properties of independent domination of HFG.
R.Sakthivel et al. [85] introduced the domination in
HFG and some of the properties. Also investigated
domination in products of HFG like Union, join,
cartesian product, and composition. R.Sakthivel et
al. [86] introduced the concept of various
domination numbers in HFG and investigated some
of the properties also examined total domination
number in operations of HFG like union, join, and
direct product and proved some of the theorems
such as if G be a complete HFG and D is a set of
minimum domination then D = {u} such that
u€evV is a node having the maximum
neighbourhood degree in G and if G be HFG
then Yne(G) < p — An(G) < p —8n(G)
and Y1, (G) < ¥nsg, (G) <p —An(G) <
q— Ag(G). If G; = (V,,E)) and G, = (V,, E,) any
two HFG and D;andD, set of minimum
domination then
() vn(Gy +Gy) <vn(G) Ayn(Gy) and (i)
Yn(Gy - G2) < |[ViXD | A DL X V,| (iii) yn(Gy O
G,) < |V,XD, |A|D; X V,| and (iv) y,(G;®G,) <
[V;XD, |A |D, X V,|. Also, the author proposed the
set of inverse domination and set of domination
number of HFG, also discussed the set of inverse
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domination number of complete and complete
bipartite in HFG and proved some of the results
and bounds. Further investigated the inverse
domination number of join of two HFG and
cartesian product of two HFG [87]. The author
extends his research in the concept of node degree
and strong neighbour of the node are introduced by
using membership and non-membership and
hesitance degree of a node in HFG. Finally
discussed some of their results that is G be HFG
then D is a set of minimal strong (weak)

domination, then V- D is a set of weak (strong)
dominating in G and if G is HFG of order p then
6(G) = 65(G) = p — An(G) < p—Ae(G) and
6(G) < 6y(G) < p—6n(G) < p—6g(G) . Also
derived if G be a complete HFG, u and v are the
nodes having minimum cardinality and maximum
cardinality respectively, then¢,(G) = |ul, ¢, (G) =

[vland G be regular HFG then ¢,(G) = %G)[88].
S.K.Sriram Kalyan [89] defined the concept of
regular domination and regular domination number
in HFG. Furthermore, discussed some of the
properties and proved G; = (V;,E;)andG, =
(V,, E;) any two HFG and D, and D, the minimal
K-regular dominating sets then the regular
dominating number of yur(G, UG,) =|D; |+
ID,]. And G;and G, has unique order yyr(G; +
G,) = min{|D, |, [D,[}.

Anti Fuzzy graph (AFG)

R.Muthuraj and A.Sasirekha [90] introduced the
concept of a set of domination and set of
domination number in AFG and obtained the sum
of the bounds on various types of AFG. Also
examined the column and row maximal algorithms
and characterized to find minimal dominating set
and discussed the domination number applied in an
anti-Cartesian product, anti fuzzy path, anti fuzzy
cycle, and complete anti fuzzy graph then proved
some of their results that isG,be an unimodal AFG

then q—-P=VaSp- Sandy(GA)ég.
and proved G, be an unimodal AFG (i) with
m = 2theny, = p— A(Gy) (ii) with gq=2p
then (G,) = P and (iii) connected AFG with m >

2
2 then P

1+A(Ga)
G,, be an anti cartesian product of AFG paths then
the following conditions satisfied removal of all
weak points in G, X G, remains connected say
(Ga, X Ga,)" and y(Ga, X Ga,) =Y (Ga, X Ga,)".
In the same year, the author introduced the concept
of total domination set and total domination
number in AFG and obtained some of results such
as G, is an unimodal AFG then (i) v¢(G,) = {=
p/2,forp=qand = g,forp > q} (ii) G, with no
isolated vertices then Y:(Gp) =p —
A(G,) (iii) G4 is a complete unimodal AFG
Y:(Ga) = 20(uy) (iv) G, is an anti fuzzy cycle

.Finally proved G,, X
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then y,:(Gp) < '”q_TA(GA) and Gy is an anti fuzzy

path then y,.(G,) < p — 8. Further explained how
to find an algorithm for minimal total dominating
set AFG. Further discussed the total domination
number applied in the anti cartesian product, anti
fuzzy cycle, anti fuzzy path, and complete anti
fuzzy graph and obtained some of the bounds for
these parameters [91]. The author extends the
concepts of connected domination set domination
number in AFG and discussed the connected
domination number related results such as Gy is a
set of minimal connected domination of a simple
connected and D be a set of connected domination
if and only if for each ueD at least one of the
following conditions satisfied u is a cut vertex in D,
there is a vertex veV —D such that Ng(v) ND =
{u}and uis in leaf in D. G, is any connected AFG
then  ya < Yao Gaisanuninodal AFG then
Ip—ql <vac< p— 6 and G,is a complete
bipartite graph with r and s nodes then y.(G,) <
min{r, s}. Finally applied the connected domination
number on anti Cartesian product of AFG such as
cycle, path and complete anti fuzzy graph and
derived some of the theorems that is Gy = G, X
Ga, is an anti Cartesian product of AFG
cycles Ga,and Gy, then the connected dominating
set is isomorphic to cycle or a tree [92]. R.Muthuraj
and A.Sasirekha [93] introduced the concept of
perfect domination set and domination number in
AFG, applied in various types of AFG and derived
some of the results such as if P be the perfect
domination number and G be any complete
uninodal AFG then yp,s=o0o(u) here o(u)
membership value of a vertex u and G be a star
AFG then yp,e = o(v) here v is the centre vertex.
In the same year author discussed the application of
AFG and application of domination in AFG. Then
explained in detail the method to find a suitable
employee in a merging bank by using an anti-
cartesian product of AFG and domination in AFG.
Also discussed fixing stations in railways using
Domination on AFG [94]. R.Muthuraj and
A.Sasirekha [95] introduced the concept of edge
domination number in AFG. Also discussed how
the edge domination number applied various types
of AFG and proved some of the various bounds on
them. Finally explained this concept applied and
anti cartesian product of anti fuzzy graph and
obtained some of the results on these parameters.
H.J.Yousif and A.A.Omran [96] discussed the
concept of a split anti fuzzy dominating set in AFG
and investigated the relationship of domination
number with some of the known parameters also
found the exact value of anti fuzzy domination in
AFG and derived some of theorems related this
concepts that such as if D is a split anti fuzzy
domination set of a BFG of Gup, if and only if then
u, € D, satisfying one of the following condition
(i) u, is an isolated in D (ii) there is exists u; €
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V —D such that N(u;) nD = {u,} and (iii) <
(V—D) U {u,} >is connected also proved if G, is
a AFG then P < oy, B, and each split anti fuzzy
domination (SAFD) set of G, is a split dominating
set in crisp graph G,". Also in the same year author
defined the set of 2 - anti fuzzy domination and the
2 - anti fuzzy domination number on AFG by
effective edges and then discussed the 2 - anti
fuzzy domination number applied a various AFG.
Also proved some of the relationships between 2-
anti fuzzy domination numbers with the parameters
and derived the important results that is if Gag
=M, p), Lv;esN(Vi) < Y2ar < P here if D is a 2-anti
fuzzy domination set of Gur, then S is a set
containing all the nodes that have at most one
neighbour. Then, in general, V— D is not a 2-anti
fuzzy dominance set of G4p. Finally derived if Gap
=(m,p) be an uninodal anti fuzzy graph without
isolated and D be a y,ar Set of Gup that is not
independent set then yar 4+t < yuar and if Gag
=(m,p) connected an unimodal AFG and y,r =
Y2ar [97]. R.Muthuraj et al. [98] defined the notion
of a set of split domination, set of strong split
domination, set of split domination number, set of
strong split dominating numbers also examined
strength of anti-path in IAFG and the strength of
anti-connectedness between two vertices of 1AFG.
Furthermore discussed the anti-fuzzy structure of
Intuitionistic Fuzzy Graphs in split domination and
split domination number also proved some of the
theorems. H.J.Yousif and A.A.Omran [99] have
defined the Inverse 2-anti fuzzy dominance set and
inverse 2-anti fuzzy domination number, and
inverse 2-anti fuzzy domination was addressed in
relation to various types of AFG. Finally obtained
some of their results that is G, any AFG has an
inverse 2,¢4 then x € V — D belongs to each inverse
2.tq Of Gy and if x has either two or three
neighbours and if D’ is an inverse 2,¢4 set and Gy¢
be any AFG such that |D’| = y;is minimal if and
only if then x € D', either N(x) N D’ < 2 or there
exists y€ V—D' such that N(y)nD' =2 .
R.Muthuraj et al. [100] discussed regular
intuitionistic anti fuzzy graph and derived some of
their results like G, of any IAFG an isolated node
does not dominate any other node of Gy .
Investigated two different types of domination as
connected strong domination and multiple
connected domination in IAFG and obtained some
of the theorems on these concepts.

Picture Fuzzy Graph (PFG)

S.Mohammed Ismayil and N.Asha Basley [101]
introduced the topic of a set of domination in PFG
and defined the order and size of a PFG. Also
obtained some of their results and proved some of
the theorems such as G is a set of minimal
domination and D be a set of domination in PFG if
and only if for each ueD one of the following
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conditions satisfied u is not an effective neighbour
of any vertex in D and there is a node veV —D such
that Ng(v) N D = {u}. If G be a set of independent
domination in PFG and a subset is D < V then V-D
is a vertex covering set of G. For independent set of
PFG, if G be a maximal independent set of PFG
then G is an independent and dominating set. Also
proved D is each set of maximal independent in
PFG is a set of all minimal dominating in G and
any PFG y(G) +v (G) < 2p and equality holds if
and only if 0< p(xy) < i) AP (y),0<
02(x,y) <01(x) Aoy (y) and 0 < p,(x,y) <
p1(X)Vp,:(y) Vx,yeVand G be any PFG without
isolated nodes a(G)+B(G)=p . Finally
investigated some of the bounds domination in
PFG. S.Mohammed Ismayil et al. [102] introduced
the concepts of edge domination set, edge
domination number, edge independent set, maximal
edge independent number, and edge covering the
number with suitable examples in PFG also
obtained some of their theorems proved G is a
minimal edge dominating set and S be an edge
dominating set of PFG if and only if for each e;€S
one of the following conditions satisfied Ng(e;) N
S ={¢} and there is an edge ¢; € E — Ssuch that
Ne(e) NS ={e;}. If G be any PFG and if and
only if be a maximal edge independent dominating
set of a subset is I € E then E — | is an edge
covering set of G. For set of edge independent | of a
PFG, if G be a maximal edge independent set of
PFG then G is an independent and edge dominating
set. Also proved | is every maximal edge
independent set of PFG is a minimal edge
dominating set of G and any PFG y,(G) + v.(G) <
2q and equality holds if and only if 0 < p,(x,y) <
AR (Y),0<o,(xy) <

01(x)Ao;(y) and 0 < p,(x,y) >

p1X)Vp:(¥) Vx,yeV and any PFG without
isolated edges a.(G) + B.(G) < q. Finally proved
if G be a complete PFG and S is a minimal edge
dominating set, then the edge that intersects the
vertex dominates the set S one of the edges has the
greatest degree also G be PFG and S be an edge
dominating set then 8§(G) < y.(G). A.Nagoor Gani
et al. [103] introduced the concept of strong and
weak domination set, strong and weak domination
number in PFG, independent domination strong
and weak in PFG and discussed strong and weak
domination using strong arcs in PFG. Finally
proved some of the properties for this parameter
and theorems like D is a minimal strong picture
fuzzy dominating set and if G be a constant PFG of
degree (cj, ¢y, c) without isolated vertices then

V - Dis a picture fuzzy dominating set of G. Also
given result such as G be PFG with order of p then

Ypf(G) =< YSpf(G) < q—As(G) and Ypf(G) =<
Ywpf(G) < p — 85(G) also proved if G constant
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PFG of degree (c;, ¢ ci)then then ys,¢(G) << p <
qand yype(G) <p <q.

2.

Conclusion

Based on the literature survey, this work conducts a

detailed

examination of different types of

domination in various types of fuzzy graphs. Based
on the literature survey, this work conducts a

detailed

examination of different types of

domination in various types of graphs. This survey
study provides an outline on the growth and
developments in fuzzy graphs and hope it inspires
the future researchers looking to dominate in the
field of fuzzy graphs.

3.

[1].

12].

[3].

[4].

[5].

[6].

[7].

[8].

[9].

[10].

[11].

[12].

[13].

References

Kaufmann.A, “Introduction to the theory of
Fuzzy Subset,” Acad. Press. Newyork.,
1975.

L.A.Zadeh, “Fuzzy Sets,” Inf. Control., vol.
8, pp. 338-353, 1965.

A.Rosenfeld, “Fuzzy graphs, in Fuzzy Sets
and Their Application to Cognitive and
Decision Processes,” Acad. Press., pp. 77—
95., 1975.

A.Bhutani and K.R.Rosenfel, “Strong arcs in
fuzzy graphs, Information Sciences,” Inf.
Sci. (Ny)., vol. 152, pp. 103-109, 2003.

M. Akram, “Interval-valued fuzzy line
graphs,” Neural Comput. Appl., vol. 21, pp.
145-150., 2012.

M. Akram, “Bipolar fuzzy graphs,” Inf. Sci.
(Ny)., vol. 181, pp. 5548-5564., 2011.
M.Akram, Sarwar, and A. Dudek,
“Properties of bipolar fuzzy hypergraphs,”
Ital. J. Pure Appl. Math., vol. 13, pp. 426—
458, 2013.

M. Akram, B. Davvaz, “Strong Intuitionistic
Fuzzy Graphs,” FILOMAT, vol. 26, no. 1,
pp. 177-196, 2012.

M. Akram, Sheng-Gang Li, K. P. Shum,
“Antipodal bipolar fuzzy graphs,” Ital. J.
Pure Appl. Math- ematics, vol. 31, pp. 425—
438., 2013.

Mordeson, J.N., Nair, P.S., Fuzzy Graphs
and Fuzzy Hypergraphs”, Phys. - Verlag,
2000..

E.J.Cockayne and S.T. Hedetniemi,,
“Towards a theory of domination in graphs,”
Networks., vol. 7, no. 3, pp. 247-261, 1977.
A. Somasundaram and S. Somasundaram,
“Domination in fuzzy graphs - 1,” Pattern
Recognit. Lett., vol. 19, pp. 787791, 1998.
Somasundaram, ‘“Domination in fuzzy
graphs - I1,” Fuzzy Math., vol. 13, pp. 281-
288, 2005.

Eur. Chem. Bull. 2023, 12 (3), 2523 2538

[14].

[15].

[16].

[17].

[18].

[19].

[20].

[21].

[22].

[23].

[24].

[25].

[26].

[27].

Section A- Research paper

A.Nagoorgani and V.T.Chandrasekaran,
“Domination in fuzzy graph,” Adv. Fuzzy
Sets Syst., vol. 1, no. 1, pp. 17-26, 2006.

N. Vinoth Kumar and G. Geetha Ramani,
“Some Domination Parameters of the
Intuitionistic ~ Fuzzy Graph and its
Properties,” Int. J. Math. Sci. .Compting,
vol. 1, no. 1, 2011.

R. Parvathi and G. Thamizhendhi,
“Domination  in  Intuitionistic =~ Fuzzy
Graphs,” Nifs, vol. 16, no. May, pp. 39-49,
2010.

S.  Velammal, “Edge Domination in
Intuitionistic Fuzzy Graph s,” Int. J.
Comput. Sci. Math., vol. 4, no. 2, pp. 159—
165, 2012.

J. JohnStephan, A. Muthaiyan, and N.
Vinoth Kumar, “Domination in Operations
on Intuitionistic Fuzzy Graph s,” Int. J.
Comput. Appl., vol. 96, no. 20, pp. 1-5,
2014, doi: 10.5120/16907-6984.

R. Jahir Hussain and S. Yahya Mohamed,
“Global Domination Set in Intuitionistic
Fuzzy Graph ,” ISSN || Int. J. Comput. Eng.
Res., vol. 04, no. 9, pp. 2250-3005, 2014,
[Online]. Available: www.ijceronline.com.
R. J. Hussain and S. Y. Mohamed,
“Complementary  nil  domination in
Intuitionistic Fuzzy Graph ,” Int. Math.
Forum, vol. 9, no. 23, pp. 1101-1108, 2014,
doi: 10.12988/imf.2014.46119.

V.K.Santhi and S.Jeyalakshmi, “Edge
Double Domination in Intuitionistic,” Int. J.
Appl. or Innov. Eng. Manag., vol. 3, no. 6,
pp. 68-72, 2014.

P.Gladyis , R.Rohini and C.V.R
Harinarayanan, “Some Parameters
Domination of The Independent

Intuitionistic Fuzzy Graph ,” Golden Res.
Thoughts, vol. 3, no. 11, pp. 1-5, 2014.

J. JohnStephan, A. Muthaiyan, and N.
Vinoth Kumar, “Strong ( Weak )
Domination Intuitionistic Fuzzy Graph s,”
Int. J. Comput. Appl., vol. 107, no. 16, pp.
16-18, 2014.

A. Nagoor Gani and S. Anupriya, “Non Split
Domination on Intuitionistic Fuzzy Graph ,”
Int. J. Fuzzy Math. Arch., vol. 7, no. 1, pp.
51-62, 2015.

Parvathi R, Thamizhendhi G, “Some results
on domination number of products of
graphs,” Ann. Fuzzy Math. Inform., vol. 9,
no. 3, pp. 403419, 2015.

A.Nagoor Gani, S.Yahya Mohamed, and
R.Jahir Hussain, “Point Set Domination of
Intuitionistic Fuzzy Graph s,” Int. J. Fuzzy
Math. Arch., vol. 7, no. 1, pp. 43-49, 2015.
A. Nagoorgani, M. Akram, and S. Anupriya,
“Double domination on Intuitionistic Fuzzy

2535



A Survey on Domination in Different types of Fuzzy Graphs

[28].

[29].

[30].

[31].

[32].

[33].

[34].

[35].

[36].

[37].

[38].

[39].

Graph s,” J. Appl. Math. Comput., vol. 52,
no. 1-2, pp. 515-528, 2016.

P. J. Jayalakshmi, Dr. C. V. R.
Harinarayanan, and Dr. P. Muthuraj, “Total
Strong (Weak) Domination Intuitionistic
Fuzzy,” Adv. Theor. Appl. Math., vol. 11,
no. 3, pp. 203-212, 2016.

S. Johnstephen, A. Muthaiyan, and
N.Vinothkumar., “Multiple Domination in
An Intuitionistic Fuzzy Graph ,” Int. J.
Fuzzy Math. Syst., vol. 6, no. 1, pp. 1-6,
2016.

P. J. Jayalakshmi, D. C. V. R
Harinarayanan, and D. P. Muthuraj, “Total
Semi - u Strong (Weak) Domination in
Intuitionistic Fuzzy Graph ,” IOSR J. Math.,
vol. 12, no. 05, pp. 37-43, 2016.

C.Y. Ponnappan,R. Muthuraj, and P.
Surulinathan, “Some New kinds of
Connected Domination in Intuitionistic

Fuzzy Graph s,” Int. J. Comput. Organ.
Trends, vol. 29, no. 1, pp. 1-6, 2016.

M. G. Karunambigai, S. Sivasankar, and K.
Palanivel, “Different types of Domination in
Intuitionistic Fuzzy Graph ,” Ann. Pure
Appl. Math., vol. 14, no. 1, pp. 87-101,
2017.

A. Nagoor Gani, J. Kavikumar, and S.
Anupriya, “Edge domination on
Intuitionistic Fuzzy Graph s,” Int. J. Appl.
Eng. Res., vol. 12, no. 17, pp. 6452-6461,
2017.

M. G. Karunambigai, S. Sivasankar, and K.
Palanivel, “Secure domination in fuzzy
graphs and Intuitionistic Fuzzy Graph s,”
Ann. Fuzzy Math. Informatics, vol. 14, no.
4, pp. 419-431, 2017.

Y. Ponnappan, R. Muthuraj, and P.
Surulinathan, “New Kinds of Neighborhood
Connected Domination Parameters in an
Intuitionistic Fuzzy Graph ” Middle-East J.
Sci. Res., vol. 25, no. 2, pp. 362-366, 2017.
S. Sahoo, M. Pal, H. Rashmanlou, and R. A.
Borzooei, “Covering and paired domination
in Intuitionistic Fuzzy Graph s,” J. Intell.
Fuzzy Syst., vol. 33, no. 6, pp. 4007-4015,
2017.

S. Revathi, C. V. R. Harinarayanan, and R.
Muthuraj, “Perfect Domination in Constant
Intuitionistic Fuzzy Graph of Degree (ki , k
7),” Int. J. Fuzzy Math. Arch., vol. 14, no. 1,
pp. 91-99, 2017.

Praba. B, Deepa. G, and
Chandrasekaran.V.M, “Spreading Rate of
Virus on Energy of Dominating Intuitionistic
Fuzzy Graph,” Res. J. Pharm. Tech, vol. 10,
no. March, p. 5958, 2017.

R. Vijayaragavan, A. Kalimulla, and S.
Sharief Basha, “Dominating Energy In
Someproducts Of Intuitionistic Fuzzy Graph

Eur. Chem. Bull. 2023, 12 (3), 2523 2538

[40].

[41].

[42].

[43].

[44],

[45].

[46].

[47].

[48].

[49].

[50].

[51].

[52].

Section A- Research paper

s,” Int. J. Adv. Res. Comput. Sci., vol. 8, no.
6, pp. 12-20, 2017.

V. Senthilkumar, “Types of domination in
Intuitionistic Fuzzy Graph by strong arc and
effective ARC,” Bull. Pure Appl. Sci. Math.
Stat., vol. 37e, no. 2, p. 490, 2018.

Jehruth Emelda Mary.L and K. Ameenal
Bibi, “Domination and Total Domination in
Intuitionistic Triple Layered Simple Fuzzy
Graph,” Kongunadu Res. J., vol. 5, no. 1, pp.
4-7,2018.

A. Kalimulla, R. Vijayaragavan, and S. S.
Basha, “Dominating Energy of Operations
on Intuitionistic Fuzzy Graph s,” Int. J. Eng.
Technol., vol. 7, no. 4, pp. 328-335, 2018.
R. Buvaneswari and K. Jeyadurga, “Nil
Complementary Domination in Intutionistic
Fuzzy Graph,” Int. J. Trend Sci. Res. Dev.,
vol. Volume-2, no. Issue-6, pp. 1473-1475,
2018.

J.Johnstephan, N.Vinothkumar,P.Gajendran,
and  D.A.Muthaiyan, “Vertex  Edge
Domination in Intuitionistic Fuzzy Graph s,”
International J. Inf. Comput. Sci., vol. 6, no.
2, pp. 117-121, 2019.

S. R. Narayanan and S. Murugesan, “((),2)-
Regular Domination in Intuitionistic Fuzzy
Graph ,” SSRG Int. J. Math. Trends
Technol., vol. 2019, pp. 19-30, 2019.
Dr.K.Kalaiarasi and P.Geethanjali, “Various
Product And Dual Strong Domination In
Mixed And Square,” Adalya J., vol. 8, no. 8,
pp. 259-269, 2019.

A. Bozhenyuk, M. Knyazeva, and I.
Rozenberg,  “Algorithm  for  finding
domination set in Intuitionistic Fuzzy Graph
,” Atl. Stud. Uncertain. Model., vol. 1, pp.
72-76, 2019.

John Stephan J, Muthaiyan A, Geetha T and
Vinoth Kumar N, “Regular Domination In
Intuitionisticfuzzy,” Eur. J. Mol. Clin. Med.,
vol. 7, no. 11, pp. 4792—4798, 2020.

John Stephan J, Muthaiyan A, Geetha T and
Vinoth Kumar N, “Total Domination In
Intuitionistic Fuzzy Graph s,” Solid State
Technol., vol. 63, no. 2, pp. 774-779, 2020.
A. Bozhenyuk, S. Belyakov, M. Knyazeva,
and I. Rozenberg, “On computing
domination set in Intuitionistic Fuzzy Graph
,” Int. J. Comput. Intell. Syst., vol. 14, no. 1,
pp. 617-624, 2021.

Pradip Debnath, “Domination in interval-
valued fuzzy graphs,” Ann. Fuzzy Math.
Informatics, vol. 6, no. 2, pp. 363-370,
2013.

Seema Mehra and Manjeet Singh,
“Complementary  Nil ~ Domination in
Interval- valued Intuitionistic Fuzzy Graph
,” Gen. Math. Notes, vol. 31, no. 1, pp. 61—
71, 2015.

2536



A Survey on Domination in Different types of Fuzzy Graphs

[53].

[54].

[55].

[56].

[57].

[58].

[59].

[60].

[61].

[62].

[63].

[64].

[65].

[66].

S.Yahya Mohamed and M. Saral Mary,
“Some Domination Parameters on Interval
Valued Intuitionistic Fuzzy Graph ,” IOSR J.
Math., vol. 12, no. 3, pp. 61-65, 2016.
Sarala. N and Kavitha. T, “Strong (weak)
domination in interval valued fuzzy graph,”
Discov. Publ., vol. 52, no. 248, pp. 1626-
1634, 2016.

S.Revathil, C. V.R. Hari Narayanan and
R.Muthuraj, “Equitable Domination In
Interval Valued Fuzzy Graph,” Int. J. Math.
Sci. Eng. Appl., vol. 11, no. I, pp. 47-55,
2017.

Dr.N.Sarala, R.Deepa, and R.Deepa, “Strong
snd Weak ,Complete And Complementary
Domination In Interval Valued Fuzzy Soft
Graph,” Int. J. Anal. Exp. modal Anal., vol.
11, no. 12, pp. 3583-3595, 2019.
Nooraldeen .0. AL-saklady and Mahioub
.M. Q. Shubatah, “The 2-Domination
Number in Interval-Valued Fuzzy Graphs,”
IJRDO - J. Math., vol. 6, no. 3, pp. 13-30,
2020.

Ahmed N. Shain and Mahiuob M. Q.
Shubatah, “Inverse Dominating Set of an
Interval-valued Fuzzy Graphs,” Asian J.
Probab. Stat., vol. 11, no. 3, pp. 42-50,
2021.

M.G.Karunambiga, M.  Akram and
K.Palanivel, “Domination in Bipolar Fuzzy
Graphs,” IEEE, no. July, 2013.

V. Mohanaselvi and S. Sivamani,
“Paramount Domination in Bipolar Fuzzy
Graphs,” Int. J. Sci. Eng. Res., vol. 7, no. 5,
pp. 50-52, 2016.

V. Mohanaselvi, S. Sivamani, and N.
Revathi, “Global Domination in Bipolar
Fuzzy Graphs,” J. Informatics Math. Sci.,
vol. 9, no. 3, pp. 815-825, 2017.

R. Muthuraj and A. Kanimozhi, “Total
strong (weak) domination in bipolar fuzzy
graph,” Int. J. Comput. Appl. Math., vol. 12,
no. 1, pp. 186-192, 2017.

R.Jahir Hussain and S.Satham Hussain,
“Triple Connected Domination Number of A
Bipolar Fuzzy Graph,” Int. J. Res. Appl. Sci.
Eng. Technol., vol. 5, no. 8, pp. 1-5, 2017.
Umamageswari .D , Vinothkumar. N and
P.Thangaraj, “Multiple Domination in
Bipolar Fuzzy Graphs Umamageswari,” Int.
J. Pure Appl. Math., vol. 117, no. 20, pp.
275-287, 2017.

S. Ramya and S. Lavanya, “Graph critical
with respect to edge domination in fuzzy
graphs,” Int. J. Pure Appl. Math., vol. 113,
no. 7, pp. 42-49, 2017.

A. Prasanna, C. Gurubaran, and S. Ismail.
Mohideen, “Split and Non—Split Domination
Number in Bipolar Fuzzy Graphs,” Ann.

Eur. Chem. Bull. 2023, 12 (3), 2523 2538

[67].

[68].

[69].

[70].

[71].

[72].

[73].

[74].

[75].

[76].

[77].

[78].

[79].

Section A- Research paper

Pure Appl. Math., vol. 15, no. 1, pp. 115-
121, 2017.

R. Muthuraj, P. J. Jayalakshmi and S.
Revathi, “Perfect Domination In Bipolar
Fuzzy Graph R,” Int. J. Math. Arch., vol. 9,
no. 5, pp. 74-77, 2018.

R. Muthuraj, S. Revathi and P. J.
Jayalakshmi, “Non-Split Total Strong
(Weak) Domination In Bipolar Fuzzy

Graph,” Int. J. Math. Arch., vol. 9, no. 5, pp.
58-62, 2018.

R. Muthuraj, P. J. Jayalakshmi and A.
Kanimozhi, “Regular Total Strong (Weak)
Domination in Bipolar Fuzzy Graph,” Int. J.
Math. Arch., vol. 9, no. 5, pp. 40-44, 2018.
Muhammad Akram, Danish Saleem, and
Bijan Davvaz, “Energy of double
dominating bipolar fuzzy graphs,” J. Appl.
Math. Comput., vol. 61, no. 1, pp. 219-234,
2019.

Mansour Hezam AL-Shraby and Mahioub
M. Q. Shubatah, “Independent Domination
in Some Operations on Bipolar Fuzzy
Graphs,” IJRDO - J. Math., vol. 6, no. 3, pp.
53-70, 2020.

Mansour Hezam AL-Shraby and Mahioub
M. Q. Shubatah, “Independent Domination
in Bipolar Fuzzy Graphs,” EPH - Int. J.
Med. Heal. Sci., vol. 6, no. September, p. 2,
2020.

R. Muthuraj and A. Kanimozhi, “Equitable
Total Domination on Bipolar Fuzzy
Graphs,” J. Crit. Rev., vol. 7, no. 15, pp.
4038-4046, 2020.

R. Muthuraj and A. Kanimozhi, “Double
domination on bipolar fuzzy graphs with
strong edge and its properties,” Malaya J.
Mat., vol. 8, no. 4, pp. 1583-1586, 2020.
Sagr H. AL-Emrany, Mahioub M. Q.
Shubatah, “Inverse domination in bipolar
fuzzy  graphs,” Ann. Fuzzy Math.
Informatics, vol. 20, no. 1, pp. 67-77, 2020.
Ambika P and Ramya R, “Dominating
Critical In Bipolar Fuzzy,” PalArch’s J.
Archaeol. Egypt/ Egyptol., vol. 17, no. 12,
pp. 463-474, 2020.

S. Roseline Mary, S. Ruban Raj, and J.
Maria Joseph, “Liar domination on bipolar
fuzzy graphs,” Adv. Math. Sci. J., vol. 9, no.
8, pp. 5673-5681, 2020.

As’ad Mahmoud As’ad Alnaser, “Novel
Properties for Total Strong - Weak
Domination Over Bipolar Intuitionistic
Fuzzy Graph s,” Int. J. Adv. Comput. Sci.
Appl., vol. 12, no. 4, pp. 672-679, 2021..

R. Jahir Hussain and S. Satham Hussain,
“Domination in Fuzzy Soft Graphs
International Journal of Domination in
Fuzzy Soft Graphs,” Int. J. Fuzzy Math.
Arch., vol. 14, no. 2, pp. 243-252, 2017,

2537



A Survey on Domination in Different types of Fuzzy Graphs

[80].

[81].

[82].

[83].

[84].

[85].

[86].

[87].

[88].

[89].

[90].

[91].

T. K. Mathew Varkey and Rani Rajeevan,
“On fuzzy soft edge domination,” Int. J.
Pure Appl. Math., vol. 116, no. 3, pp. 683—
688, 2017, doi: 10.12732/ijpam.v116i3.13.
T. K. Mathew Varkey and Rani Rajeevan
“Perfect Vertex Domination in Fuzzy Soft
graphs,” Adv. Fuzzy Math., vol. 12, no. 4,
pp. 793-799, 2017.

T. K. Mathew Varkey and Rani Rajeevan,
“Equitable Domination in Fuzzy Soft
Graphs,” Aryabhatta J. Math. Informatics,
vol. 09, no. 01, pp. 613-618, 2017.

J.Uma Meheswari and R.Mithra,
“Understanding The Domination In Fuzzy
And Fuzzy Soft Graphs,” J. Crit. Rev. ISSN-
, vol. 7, no. 10, pp. 1950-1954, 2020.

R. Jahir Hussain, S. Satham Hussain, Sankar
Sahoo and Madhumangal Pal, “Domination
in Hesitancy Fuzzy Graphs,” Int. J. Adv.
Intell. Paradig., 2018.

R. Shakthivel, R. Vikramaprasad, and N.
Vinothkumar, “Domination in hesitancy
fuzzy graphs,” Int. J. Adv. Sci. Technol.,
vol. 28, no. 16, pp. 1142-1156, 2019.

R. Shakthivel, R. Vikramaprasad, and N.
Vinothkumar, “Total = domination in
hesitancy fuzzy graph,” J. Crit. Rev., vol. 7,
no. 4, pp. 995-1005, 2020.

R. Shakthivel, R. Vikramaprasad, and N.
Vinothkumar, “Inverse Domination In
Hesitancy Fuzzy Graphs,” Solid State
Technol., vol. 63, no. 2, 2020.

R. Shakthivel, R. Vikramaprasad, and N.
Vinothkumar, “A new approach of strong
domination in hesitancy fuzzy graphs using
vertex cardinality,” Adv. Math. Sci. J., vol.
9, no. 8, pp. 5693-5701.

S.K.Sriram kalyan, “K-Regular Domination
In Hesitancy Fuzzy Graph,” Int. J. Mod.
Agric., vol. 10, no. 1, pp. 195-200, 2021.
R.Muthuraj and A.Sasireka, ‘“Domination
On Anti Fuzzy Graph,” Int. J. Math. Arch.,
vol. 9, no. 5, pp. 82-92, 2018.

R.Muthuraj and  A.Sasireka, “Total
domination on anti fuzzy graph,” New
Trends Math. Sci., vol. 4, no. 6, pp. 28-39,
2018.

Eur. Chem. Bull. 2023, 12 (3), 2523 2538

[92].

[93].

[94].

[95].

[96].

[97].

[98].

[99].

[100].

[101].

[102].

[103].

Section A- Research paper

R. Muthuraj and A. Sasireka, “Connected
Domination on Anti Fuzzy Graph,” J. Appl.
Sci. Comput., vol. 5, no. 8, pp. 18-28, 2018.
R. Muthuraj, S. Revathi, and P. J.
Jayalakshmi, “Perfect domination on anti
fuzzy graph,” Adv. Math. Sci. J., vol. 8, no.
3 Special Issue, pp. 87-92, 2019.

R. Muthuraj and A. Sasireka, “Applications
Of Anti Fuzzy Graph and Role of
Domination on Anti Fuzzy Graph,” Int. J.
Recent Technol. Eng., vol. 7, no. 6, pp. 717—
721, 2019.

R. Muthuraj and A. Sasireka, “Edge
Domination on Anti Fuzzy Graph,” Solid
State Technol., vol. 63, no. 6, 2020.

H. J. Yousif and A. A. Omran, “The Split
Anti Fuzzy Domination in Anti Fuzzy
Graphs,” J. Phys. Conf. Ser., vol. 1591,
2020.

Hayder J. Yousif and Ahmed A. Omran2,
“2-Anti fuzzy domination in anti fuzzy
graphs,” IOP Conf. Ser. Mater. Sci. Eng.,
vol. 928, 2020, doi: 10.1088/1757-
899X/928/4/042027.

R. Muthuraj, V. V. Vijesh, and S. Sujith,
“Split And Strong Split Dominations In
Intuitionistic  Anti-Fuzzy Graphs,” Solid
State Technol., vol. 63, no. 6, 2020.

H. J. Yousif and A. A. Omran, “Inverse 2-
Anti Fuzzy Domination in Anti fuzzy
graphs,” lragi Acad. Synd. Int. Conf. Pure
Appl. Sci., vol. 1818, no. 1, pp. 1-8, 2021.
R. Muthuraj, V. V. Vijesh, and S. Sujith,
“Some peculiar dominations in intuitionistic
anti-fuzzy graphs,” Malaya J. Mat., vol. 9,
no. 1, pp. 178-184, 2021.

A.Mohamed Ismayil and N.AshaBosley,
“Domination in Picture fuzzy graphs,” Am.
Int. J. Res. Sci. Technol. Eng. Math., no.
Special Issue, pp. 205-210., 2019.

Mohamed Ismayil A, Riyaz Ur Rehman A
and Tejaskumar R, “Edge Domination in
Picture Fuzzy Graphs,” Int. J. Comput. Eng.
Res., vol. 9, no. 8, pp. 39-45, 2019.

A. Nagoor Gani, V. Anusuya and N. Rajathi,
“Some Properties On Strong And Weak
Domination In Picture Fuzzy Graphs,” Adv.
Appl. Math. Sci., vol. 20, no. 4, pp. 697-
709, 2021.

2538



