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Abstract - The effective nodes in graphs are important for analyzing graphs and solving graphs problems. First 

of all, effective nodes should be defined and described. For the sake of effective nodes, dominating set and 

fundamental cut-sets concepts in graph will be used. A new and innovative method will be proposed in this paper. 
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I. INTRODUCTION 

 

Graph is a  mathematical model for modelling 

systems, problems, events, etc. for solving related 

problems. The mathematical model graph can be 

defined as follow. 

 

Definition 1: A graph G = (V,E) consists of a set V 

of vertices and a set E of edges. A graph, which 

does not consist of parallel and loop edges, called 
simple graph. 

 

There are many graph problems in literature such as 

independent sets, dominating set, minimum vertex 

cover sets, etc. and all of them are NP-complete 

problems. The formal definition for dominating set is 

given below. 

 

Definition 2: Assume that G=(V,E) is a graph and a 

set D of vertices in G is a dominating set if each vertex 

in the complement of D is adjacent to at least one 

vertex in D. The minimum cardinality of D is 
called dominating number of G. 

 

In another word, the dominating set can be 

emphasised as follow: 

G=(V,E) and DV is a dominating set if and-only if D 

satisfies any one of the following equivalent 

conditions (Thulasiraman and et al, 2016). 

a) N[D]=V. 

b) For every vertex vV-D, d(v,D)1. 

c) For every vertex vV-D, there exists a 

vertex uD such that v is adjacent to u. 

d) For every vertex vV, |N[v]D|1. 

e) For every vertex vV-D, |N[v]D|1. 
 

There are many studies on dominating set finding. 

The construction of dominating set for given graphs 
were studied in (Alikan and Peng, 2013). Some 

researchers dealt with the bounds on the maximum 

number of minimum dominating sets (Connolly and et 

al, 2016). The uniform clutters and dominating sets are 

aim of another study in literature (Marti-Farre and et 

al, 2019). The known exact algorithm for dominating 

set has complexity as O(1.4957n) (Rooij and 

Bodlaender, 2011). The study on independent 

domination is another literature study (Goddard and 

Henning, 2013). There is not unique minimal 

dominating set for all types of graphs, and 

enumerating the minimal dominating sets is another 

study (Golovach and et al, 2016). There are some 

studies for obtaining efficient algorithm in certain 

graphs’ types such as efficient sets in circular graphs 

(Deng and et al, 2017). These are some of studies 

performed by researchers and there are many 
remaining studies on this concept. The dominating 

sets have the following types: 

a) Dominating Set 

b) Minimal Dominating Set 

c) Connected Dominating Set 

d) Inclusion Minimal Dominating Set 

e) Enumerating All Minimal Dominating Set 

 

The aim of this paper is to determine the effective 

nodes and minimal effective set by using spanning 

tree and fundamental cut-sets of given graph. 

 
Figure 1. Any graph G=(V,E) and V={1,2,3,4,5,6,7}. 

 

II. SPANNING TREE AND  FUNDAMENTAL  

CUT- SETS 

 

Tree is a special type of graph, which does not 

have cycle. 

Definition 3: A spanning tree is a subset of graph G, 
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which has all the vertices covered with minimum 

one vertex in D. The degree of each node in D should 
have the following property. 

 

 
possible number of edges. 

 

Assume that T is a spanning tree of graph G=(V,E), 

T=(V,E1) and E1E. eE1 are called branches, 
and 

eE and eE1 are called chords. The fundamental 
cut-sets are  defined  by  using  the  spanning  tree.  If 

|V|=n, then there n-1 fundamental cut-sets. 

 

Definition 4: The fundamental cut-set of a connected 

graph G contains exactly one branch of 

corresponding spanning tree T. 

 
In this paper, first of all, a spanning tree for 

corresponding graph is defined and after that, the 

fundamental cut-sets are obtained by using related 

spanning tree. In order to handle these cases, there is 

a need for new definitions and algorithms whose 

definitions were not performed until today yet. The 

following section contains innovative definitions and 

algorithms. 

 

III. PROPOSED INNOVATIONS AND 

ALGORITHM 

 
In order to determine the effective nodes / minimal 

effective set of graph G, the definition for 

dominating nodes should be used, and an innovative 

algorithm should be designed in this paper. 

 

Fig. 1 illustrates a graph and a dominating set for this 

graph is shown in Fig.2. However, the node “1” 

cannot be an effective node. Due to this case, the 

definition for dominating set can  be rephrased for 

effective nodes / effective set. 

 
The minimum cardinality of D is called effective 

number of G. 

 

 
Figure 2. A dominating set for given graph G. 

In order to determine effective nodes / effective set, a 

spanning tree is defined and after that fundamental 
cut-sets should be determined. The set of fundamental 

cut-sets is a base of cut-set vector space. All 

remaining sets can be emphasized as a linear 

combination of fundamental cut-sets. This property 

will be used for verification of effectiveness. 

 

The node “1” cannot be a dominating node, since it is 

a pendant node. Due to this case, Definition 4 

should be re-done as in Definition 5 for effective 

nodes. 

 

Definition 5 (new): Assume that G=(V,E) is a graph 
and a set D of vertices in G is a effective set if 

each vertex in the complement of D is adjacent to at 

least 

 
The fundamental cut-set is similar to a dimension of 

Euclidean space. So, the effect of fundamental cut- 

sets on node is computed by incrementing the effect 

of corresponding node. If any node has greater effect 
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number, then it means that it will be in more cut-set. 

In another word, it will be incorporated in more paths. 
Removing any edge in T will conclude in T1 and T2 

where T1 and T2 are disjoint subtrees of T. Assume 

that T1=(V1,E2) and T2=(V2,E3) where V=V1V2 

and V1V2=, E1=E2E3, E2E3=. 
Constructing T1 or T2 requires O(n). If the |E|=m 

(edges in G), then obtaining all fundamental cut-sets 

requires O(nm). This means that this algorithm is a 

polynomial algorithm and effective. 

 

Example: The graph in Fig.1 is used as an 

example. The spanning tree for given graph G is 

illustrated in Fig.3. 

 
Figure 3. The spanning tree T=(V,E1) where E1={(1,2), (2,3), 

(2,6), (3,4), (4,5), (6,7)}. 

 

Determination of Effective Node: 

Step 1: Effect(1)=1+1=2, Effect(2)=3+4=7, 

Effect(3)=2+5=7, Effect(4)=2+2=4, 

Effect(5)=1+3=4, Effect(6)=2+3=5, Effect(7)=1+4=5 

D=, Vtemp={1,2,3,4,5,6,7} 
Step 2: C1={(1,2)}. 

C2={(2,3), (3,7), (3,6), (5,7)}. 

C3={(2,6), (2,7), (3,6), (3,7),(5,7)}. 
C4={(3,4), (3,5), (5,7)}. 

C5={(4,5), (3,5), (5,7)}. 

C6={(6,7), (2,7), (3,7), (5,7)}. 

Effect(1)=1+2=3, Effect(2)=5+7=12, 

Effect(3)=9+7=16, Effect(4)=2+4=6, 

Effect(5)=8+4=12, Effect(6)=4+5=9, 

Effect(7)=11+5=16. The node has more branches 

than node 7, due to this case node 3 is the first node to 

be selected. 

 

D={3}, Vtemp={1,2}. 

 
Step 3: C1={(1,2)}. 

C2={ (5,7)}. 

C3={(2,6), (2,7),(5,7)}. C4={(5,7)}. 

C5={(4,5), (5,7)}. 

C6={(6,7), (2,7), (5,7)}. 

Effect(1)=1+2=3,

 Effect(2)=4+1=

11, Effect(3)=0+7=7,  Effect(4)=2+4=6,  
Effect(5)=6+4=11, the number of nodes, m is the 

number of edges in the given graph. 

 

Effect(6)=4+5=9, Effect(7)=8+5=13. The nodes 

4,5,6,7 are added to forbidden set due to FC case. 

The node has maximum effect in the ramining nodes 

is node 2. 

 

D={3,2}, Vtemp={1,2}. After this step, Vtemp={}, 

and process is finalized. The obtained result is seen in 

Fig.4. 

 
Figure 4. The set of effective nodes in the given graph. 

 

IV. CONCLUSION 

 

The dominating set problems is an NP-Complete 

problem, due to this case, there is no effective 

algorithm in the literature for solving dominating set 
problem. We have studied this problem and proposed 

algorithm  for  solving  this  problem  effectively.  

The complexity of proposed algorithm is O(nm) 

where n is 
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