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Abstract : In this paper, the concept of Intuitionistic fuzzy inverse connected strong 

domination number, Intuitionistic fuzzy inverse disconnected strong domination number, 

Intuitionistic fuzzy pair connected strong domination number are introduced and its 

properties are discussed. Furthermore this new domination parameter is compare with other 

known domination parameters.   
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1. Introduction: 

The study of domination set in graphs was begun by ore and Berge. The connected 

domination number was first introduced byE.Sampathkumar and H.B.Walikar [1] Rosenfield 

[2] introduced the notion of fuzzy graph and several fuzzy analogs of graph theoretic 

concepts such as path, cycles and connectedness. A Somasundram and S.Somasundaram [3] 

discussed domination in fuzzy graphs. K.T. Atanassov [4] initiated the concept of 

intuitionistic fuzzy relations and intuitionitic fuzzy graphs. R.Parvathi and G.Thamizhendhi 

[5] was introduced dominating set and domination number in IFGS. In this paper, we discuss 

inverse connected domination number, inverse disconnected domination number and pair 

connected domination number of an intuitionstic fuzzy graphs and obtain the relationship 

with other known parameters of an IFG G.    
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II. Preliminaries 

 

Definition: 2.1 

An Intuitionistic Fuzzy Graph (IFG) is of the form G = (V, E) where  

(i) V = {V1, V2, … , Vn} such that 1 : V  [0, 1] and2 : V  [0, 1]  denote the degree 

of membership and non-membership of the element vi V respectively and                          

0  1 (vi) + 2 (vi)1, for every vi V 

(ii) E  V x V where  

1 :VxV  [0, 1] and 2 : V x V  [0, 1] are such that  

1 (vi, vj)  min {1(vi), 1(vj)} 

2 (vi, vj) ≥ max {2(vi), 2(vj)} 

and0 1(vi, vj) + 2(vi, vj)  1 

for every (vi, vj) E. 

Note: when 1ij = 2ij=0 for some i and j then there is no edge between vi and vj 

otherwise there exits an edge between vi and vj. 

 

Definition: 2.2 

An IFG H = (V', E') is said to be an IF subgraph (IFSG) of G = (V, E) if V' E and E' 

 E. That is
1

1i 1i
   ; 

1

2i 2i
  and

1

1i 1i
  ; 

1

2 j 2 j
,  for everyi = 1, 2….n 

 

Definition: 2.3 

The intuitionistic fuzzy subgraph H = (V, E) is said to be a spanning fuzzy subgraph 

of an IFG G = (V, E) if 
1 1

(u) (u)   and 
2 2

(u) (u)   for all u  V and 

1

1 1
(u,v) (u,v)  and

1

2 2
(u,v) (u,v)   for all u,v V. 

 

Definition: 2.4 

Let G = (V, E) be an IFG. Then the vertex cardinality of G is defined by 

    
i

1 1 2 2 i
v v

1
P | V | 1 v v for all v V

2

     
 

Definition: 2.5 
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Let G = (V, E) be an IFG. Then the edge cardinality of E is defined by 

      
i j

1 i j 2 i j i j
v v E

1
q | E | 1 v ,v v ,v for all v ,v E

2

    
 

 

Definition: 2.6 

Let G = (V, E) be an IFG. Then the cardinality of G is defined to be |G| = |V| + |E| =              

p +q 

Definition: 2.7 

The number of vertices is called the order of an IFG and is denoted by O(G). The 

number of edge is called size of IFG and is denoted by S(G). 

Definition: 2.8 

The vertices vi and vj are said to the neighbors in IFG either one of the following 

conditions hold 

(i) 1 (vi, vj) > 0, 2 (vi, vj) > 0 

(ii) 1 (vi, vj) = 0, 2 (vi, vj) > 0 

(iii) 1 (vi, vj) > 0, 2 (vi, vj) = 0, vi, vj V 

 

Definition: 2.9 

A path in an IFG is a sequence of distinct vertices v1, v2, …vn such that either one of 

the following conditions is satisfied. 

(i) 1 (vi, vj) > 0, 2 (vi, vj) > 0 for some i and j 

(ii) 1 (vi, vj) = 0, 2 (vi, vj) > 0 for some i and j 

(iii)1 (vi, vj) > 0, 2 (vi, vj) = 0 for some i and j 

Note: The length of the path P = v1, v2, … vn+1 (n > 0) is n 

Definition: 2.10 

Two vertices that are joined by a path is called connected. 

 

 

Definition: 2.11 

An edge e=(x,y) of an IFG G = (V, E) is called an effective edge if 1 (x, y) = min 

{1(x), 1(y)} and  2 (x, y) = max {2(x), 2(y)}. 

 

Definition: 2.12 
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An IFG G = (V, E) is said to be complete IFG if 1ij = min {1i,1j} and 2ij = max 

{2i, 2j} for every vi, vj V. 

 

Definition: 2.13 

The complement of an IFG, G = (V, E) is an IFG,  G V, E , where  

(i) V V  

(ii) 
1i 1i

   and
2i 2i

    , for all i = 1, 2, … n 

(iii)  1ij 1i 1j 1ij
min ,      

(iv)  2ij 2i 2 j 2ij
max ,      for alli = 1, 2, … n 

Definition: 2.14 

An IFG, G = (V, E) is said to bipartite the vertex set V can be partitioned into two non 

empty sets V1 and V2 such that 

(i) 1 (vi, vj) = 0 and2 (vi, vj) = 0 if vi, vj V1(or) vi, vj V2 

(ii) 1 (vi, vj) > 0 and 2 (vi, vj)> 0 if viV1and vjV2 for some i and jor 

1 (vi, vj) = 0 and 2 (vi, vj) > 0 if viV1 and vjV2  for some i and jor 

1 (vi, vj) > 0 and 2 (vi, vj) = 0 if viV1 and vjV2for some i and j 

 

Definition:  2.15 

A bipartite IFG, G = (V, E) is said to be complete if 

1 (vi, vj) = min {1(vi), 1(vj)}  

2 (vi, vj) = max {2(vi), 2(vj)}  

forall viV1 and vjV2. It is denoted by 
 1 2 1 2,

K
     

Definition: 2.16 

A vertex u  V of an IFG G = (V, E) is said to be an isolated vertex if 1 (u, v) = 0 and 2 (u, 

v) = 0, for all v  V. That is N (u) = . Thus an isolated vertex does not dominate any other 

vertex in G. 

 

Definition: 2.17 

Let G = (V, E) be an IFG on V. Let u, v  V, we say that u dominate v in G if there 

exits an effective edge between them. 
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Definition: 2.18 

Let G = (V, E) be an intuitionistic fuzzy graph G on the vertex set V. Let x, yV , 

we say that x dominates y in G if 1 (x, y) = min {1(x), 1(y)} and                                 2 (x, 

y) = max {2(x), 2(y)}.A subset D of V is called a dominating set in IFG G if for every v  

V – D, there exists u  D such that u dominates v. A dominating set D of an IFG is said to be 

minimal dominating set if no proper subset of D is a dominating set. 

 

Definition: 2.19  

 Let G = (V, E) be a IFG without isolated vertices. A subset Dcs of V is said to be an 

intuitionistic fuzzy connected strong domination set if both induced subgraphs<Dcs> and <V-

Dcs> are connected. The intuitionistic fuzzy connected strong domination number cs(G) is the 

minimum intuitionistic fuzzy cardinality taken over all connected strong dominating sets of 

G.  

 

III. Intuitionistic Fuzzy inverse Connected Strong Domination Number 

Definition: 3.1  

Let Dcs be the minimum connected strong dominating set of intuitionistic fuzzy graph 

G = (V,E). If VDcs contains a connected strong dominating set D′cs then D′cs is called the 

inverse connected strong dominating set with respect to Dcs. The inverse connected strong 

domination number ′cs (G) is the minimum intuitionistic fuzzy cardinality taken over all 

minimal inverse connected strong dominating sets of G. 

Example: 3.2   

v
2
(0.1,01)

v3(0.1,01)

v4(0.1,01)v5(0.1,01)

v1(0.1,01)

(0.1,0.1)

(0.1,0.1)(0.1,0.1)

(0.1,0.1)

(0.1,0.1) (0.1,0.1)

(0.1,0.1)
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                                                              Fig.3.1 

                  Dcs(G) = {v2}, VDcs(G) = {v1,v3,v4,v5} '

csD (G) = {v4,v5} 

Remark: 3.3 

        Every graph without isolated vertices contains an inverse dominating set with respect to 

a minimum dominating set. Here the intuitionistic fuzzy graph whose underlying crisp graph 

has no isolated vertices. 

Theorem: 3.4 

 If G = (V, E) is an intuitionistic fuzzy graph then ′cs(G) ˂ p. 

Proof: 

 By definition 3.1, ′cs(G) ˂ p is obvious.      

Observation: 3.5 

1. cs (
1 2,K  ) = |vi| , vi is the vertex having minimum intuitionistic fuzzy cardinality. 

Then  

′cs (
1 2,K  ) = |vj|, vj is the vertex having second minimum intuitionistic fuzzy 

cardinality. 

2.   Inverse connected strong dominating sets do not exist for Path, Cycle, Star, Double 

star, Sub division of star and Corona. 

3.    If cs (Wn+1)=|v1|, then ′cs (Wn+1) = pmax{|u|+|v|+|v1|},where u and v are adjacent 

vertices andv1is the center of the wheel. 

4. Ifcs(k12,12) = min {|vi|} + min {|vj|} where viV1 and vjV2 , then  

′cs(k12,12) = min {|vs|} + min {|vt|} where vsV1 and vtV2 are the second 

minimum intuitionistic fuzzy cardinalities. 

5.   ′cs(nFan) = p{ min {s,t }+|v1|} , where v1 is the vertex adjacent to all other vertices 

further v1 dominates all other vertices and s=
n 1

i 2

|Vi|



 , t=

n

i 3

|Vi|

 . 
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 6.      For Petersen graph,cs (G)+′cs ( G ) =  p. 

Theorem: 3.6 

For any intuitionistic fuzzy graphs G = (V, E) with at least one inverse connected 

strong dominating set, ′cs (G) ≥ cs (G). 

Proof: 

Let G = (V, E) be an intuitionistic fuzzy graph without isolated vertices. Then G has 

one or more connected strong dominating sets, cs (G) is the minimum fuzzy cardinality of 

the connected strong dominating set Dcs of G. VDcs contains another connected strong 

dominating set D′cs with fuzzy cardinality ′cs (G). Clearly ′cs (G)  ≥ cs (G).                          

Theorem: 3.7 

Let G = (V, E) be a complete intuitionistic fuzzy graph k1,2. Then 

′cs (G) ≤ ′cs (Gv), vk1,2. 

Proof: 

Let G = (V, E) be the complete intuitionistic fuzzy graph k12. By definition of 

complete intuitionistic fuzzy graph, all edges are effective. Therefore each vertex dominates 

the remaining vertices. By theorem complete intuitionistic fuzzy graph K12 then cs(K12) = 

1 2

1
{1 (v) (v)}v

2
    , v is the vertex having minimum intuitionistic fuzzy  cardinality. 

Clearly, 

 cs(k1,2) = |vi|, vi is the vertex of minimum intuitionistic fuzzy cardinality. Let D′cs be the 

inverse connected strong dominating set of G. Since cs (k12) = (vi), vi is the vertex having 

minimum intuitionistic fuzzy cardinality, then the inverse connected strong domination 

number ′cs (k12) =|vj|, where vj is the vertex having second minimum intuitionistic fuzzy 

cardinality. If any intuitionistic fuzzy vertex is removed from the vertex set, then the 

intuitionistic fuzzy inverse connected strong domination number will be greater than or equal 

to ′cs (k12). 

Hence ′cs (k1,2) ≤ ′cs (k1,2v), v k1,2.           
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Theorem: 3.8 

For any intuitionistic fuzzy graphs G = (V,E) with atleast one isolated vertex   

′cs (G)   = 0. 

Proof: 

Let Dcsbe a cs-set of intuitionistic fuzzy graph G and uDcs be an isolated vertex. 

Then  µ1({u ,v})  σ1(u)  σ2(v)}, µ2({u ,v})  σ1(u) σ2(v)} for all v VDcs, thus  ′cs (G)= 

0.                                                                                                                                   

Theorem: 3.9 

For any intuitionistic fuzzy graph G = (V, E) with ′cs-set, cs(G)+′cs(G) ≤ p. Further 

equality holds if VDcs is independent and contains inverse dominating set D′cs with respect 

to Dcs. 

Proof:  

Let Dcs be a cs-set of G. If D′cs is an inverse connected strong dominating set of G 

with respect to Dcs then D′cs  VDcs. Therefore |D′cs|  |VDcs|. Thus ′cs (G) ≤ pcs (G). 

Since VDcsis independent and contains an inverse connected strong dominating set D′cs with 

respect to Dcs. Therefore VDcs itself is an inverse dominating set of the fuzzy graph G.      

Remark: 3.10  

 Equality holds for Pn. That is cs (Pn) + ′cs (Pn) = p. 

Theorem: 3.11 

For any intuitionistic fuzzy graph G = (V, E), ′cs (G) ≤  Г(G) 

Proof: 

Let Dcs be a cs-set of G.  VDcs is independent and contains an inverse connected 

strong dominating set D′cs with respect to Dcs. Therefore V–Dcs itself is an inverse dominating 

set of the intuitionistic fuzzy graph G. Clearly ′cs (G) = Г(G). Suppose V–Dcs contains atleast 

two connected strong dominating set, then the minimum intuitionistic fuzzy cardinality of a 

connected strong dominating set in V–Dcs is ′cs (G). Therefore ′cs (G) ≤ Г(G).                     
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Theorem: 3.12 

For any intuitionistic fuzzy graphs G = (V, E), ′cs (G) ≤ pδN. 

Proof: 

Let G be an intuitionistic fuzzy graph, let v V with dN(v) = δN. Suppose D′cs is an inverse 

connected strong dominating set of G and D′cs VN(v). 

Then ′cs (G) =|VN(v)| = P N(v) ≤ pδN.                   

Theorem: 3.13 

For any intuitionistic fuzzy graphs G = (V, E), ′cs (G)   p. 

Proof: 

Let G = (V, E) be an intuitionistic fuzzy graph without isolated vertices having 

connected strong dominating set. Then  cs (G)  0. By theorem 3.9, 

cs (G)+′cs (G) ≤ p. Clearly ′cs (G)   p.                                                                                    

Theorem: 3.14 

For any intuitionistic fuzzy graphs G = (V, E), cs (G) + ′cs ( G )  2p, where ′cs ( G ) 

is the inverse connected strong domination number of G . 

Proof:  

 Let G be a fuzzy graph without isolated vertices. Since by theorem 3.4, 

′cs (G)   p therefore  cs (G) + ′cs ( G )   2p.Thus cs (G) + ′cs ( G )   2p.                               

Theorem: 3.15 

For any intuitionistic fuzzy graphs G = (V, E), ′cs (G) ≤ β (G). 
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     IV. Intuitionistic fuzzy inverse disconnected strong domination number 

Definition:  4.1 

Let Dds be the minimum disconnected strong dominating set of an intuitionistic fuzzy 

graph G = (V, E). If VDds contains a disconnected strong dominating set D′ds then D′ds is 

called the inverse disconnected strong dominating set with respect to Dds. The inverse 

disconnected strong domination number.′ds(G) is the minimum intuitionistic fuzzy 

cardinality taken over all minimal inverse disconnected strong dominating sets of G. 

Observation: 4.2 

1. Disconnected strong dominating sets do not exist for intuitionistic fuzzy complete 

graph and nFan. 

2. Let  G = (V,E) be an intuitionistic fuzzy complete bipartite graph k12,12 , 

Obviously ds( G )= min  m n

i j
i 1 j 1

| v |, | v |
 
  . Therefore ds (G) + ′ds (G) = p. 

Theorem: 4.3 

For any intuitionistic fuzzy path Pn, ′cs (Pn) = Г(Pn). 

Proof: 

The intuitionistic fuzzy path Pn contains only two dominating sets. 

Clearly ′cs (Pn) = Г(Pn).                                                                                                         

                     V. Intuitionistic fuzzy pair connected strong domination number 

Definition: 5.1 

Let G = (V, E) be an intuitionistic fuzzy graph, the dominating set Dpcs is called pair 

connected strong dominating set with respect to Dcs if <Dcs> and <D′cs> are connected. The 

pair connected strong dominating number pcs is the minimum intuitionistic fuzzy cardinality 

taken over all minimal connected strong dominating set of G.  

Theorem: 5.2 

 If G = (V, E) is an intuitionistic fuzzy graph then (G) ≤ pcs(G) ≤ ′cs(G). 

Proof: 
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Let G = (V,E) is an intuitionistic fuzzy graph. Every connected strong dominating set 

is a dominating set. Therefore (G)≤ cs(G). By definition 5.1, pcs(G) = cs(G). By theorem 

3.5, cs(G) ≤ ′cs(G). Clearly (G) ≤ pcs(G) ≤ ′cs(G).                                                                              

Theorem: 5.3 

 If G = (V, E) is an intuitionistic fuzzy graph then pcs(G) + pcs( G ) ˂ p. 

Proof: 

Let G = (V, E) be an intuitionistic fuzzy graph, By definition 2.19 and 5.1,pcs(G) =cs(G) and 

by an earlier resultcs(G)˂ p. Suppose G is an intuitionistic fuzzy graph in which all the edges 

are effective then the intuitionistic fuzzy compliment of G is totally disconnected. 

Thereforepcs(G)=0.Otherwise pcs(G)˂ p. Clearly pcs(G)+pcs( G ) ˂ p.          

Theorem: 5.4 

If G = (V, E) is a complete intuitionistic fuzzy graph K1,2 then pcs(G)+pcs( G ) = u , 

where u and v are the  intuitionistic fuzzy vertices having first two minimum intuitionistic 

fuzzy cardinality. 

Proof: 

Let G = (V, E)be a complete intuitionistic fuzzy graph K12.By the definition of complete 

intuitionistic fuzzy graph, each vertex is adjacent with one another also all edges are 

effective. Moreover each vertex is dominated by any other vertex. Let Dcsbe the connected 

strong dominating set of G and D′cs is the inverse connected strong dominating set of G with 

respect to Dcs. pcs(G) is the pair connected strong domination number of G. By definition 

2.19 and 3.1 , Dcs = {u / where u is the intuitionistic fuzzy vertex having minimum 

cardinality} and D′cs  VDcs ,D′cs= {v / where v is the intuitionistic fuzzy vertex having 

second minimum cardinality }. pcs(G) is the pair connected dominating number of G which 

is equal to cs(G). Obviously pcs( G ) = 0, since G is totally disconnected.  

Clearlypcs(G)+pcs( G ) = u .                
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