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ABSTRACT 

 

As per the research in the field of Neurosciences, our Subconscious mind actually controls our emergency 

motor neurons for smooth functioning our most vital muscles such as Heart, Lungs, Kidneys, Brain and 

other internal and external muscles to live us bypassing conscious logical decisions making memory, the 

conscious memory, and that is why our subconscious memory functions the most important role to live us 

and to deal with internal and external problems. This subconscious mind controls our emotions. That is why 

the emotionally intelligent human can take better decisions than a machine. The aim of this paper is to make 

man machine interaction more efficient by using emotionally intelligent combinatorial algorithms. A 

community of a country is consists of people. The whole community can be mapped into a graph network. 

Every distinct individual can be assumed as a node of the constructed graph for the community. To declare a 

pandemic situation for any country for that we first need to check whether the infection is spread throughout 

the Community or not. For this purpose we need to calculate the existence of cliques. Our aim is to find all 

these cliques, whose presence in the community graph network actually identifies the micro contentment 

zones in the network. Now putting the zones into lockdown instead of putting whole community into 

lockdown actually saves the community from economic disasters. 

Keywords: Emotional Intelligence (EI); Clique; Combinatorial Algorithm; 3-SAT; Micro-contentment Zone. 

I. Introduction 

 

Definition 1: Emotional Intelligence (EI) 

From medical Science point of view, the capacity to be aware of, control and express one’s emotions and to handle 

interpersonal relationships judiciously and empathically. 

 

Definition 2: Emotionally Intelligent Algorithm 

A Combinatorial Algorithm, that deals with intractable problems by mapping the original problems into suitable 

tractable problems as human intelligent brains do naturally. 

 

Lemma: Clique is an NP Complete problem 

 

Proof: It is easy to verify that a graph has a clique of size k if we guess the vertices forming the clique. We merely 

examine the edges. This can be done in polynomial time. 

 

We shall now reduce 3-SAT to CLIQUE. We are given a set of k clauses and must build a graph which has a clique if 

and only if the clauses are satisfiable. The literals from the clauses become the graph’s vertices. And collections of true 

literals shall make up the clique in the graph we build. Then a truth assignment which makes at least one literal true per 

clause will force a clique of size k to appear in the graph. And, if no truth assignment satisfies all of the clauses, there 

will not be a clique of size k in the graph. 

 

To do this, let every literal in every clause be a vertex of the graph we are building. We wish to be able to connect true 

literals, but not two from the same clause. And two which are complements cannot both be true at once. So, connect all 

of the literals which are not in the same clause and are not complements of each other. We are building the graph G = 

(V, E) where: 
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V = {<x, i> | x is in the i
th

 clause} E = {(<x, i>,<y, j>) | x ¹ and i ¹ j} 

 

Now we shall claim that if there were k clauses and there is some truth assignment to the variables which satisfies 

them, then there is a clique of size k in our graph. If the clauses are satisfiable then one literal from each clause is true. 

That is the clique - why? This is because a collection of literals (one from each clause) which are all true cannot contain 

a literal and its complement. And they are all connected by edges because we connected literals not in the same clause 

(except for complements). 

 

Fig. 1.  Figure shows the possible cliques and the vertex sequences generated by the Algorithm proposed 

 

On the other hand, suppose that there is a clique of size k in the graph. These k vertices must have come from different 

clauses since no two literals from the same clause are connected. And, no literal and its complement are in the clique, 

so setting the truth assignment to make the literals in the clique true provides satisfaction. 

 

A small inspection reveals that the above transformation can indeed be carried out in polynomial time. (The degree will 

again be left as an exercise.) Thus the CLIQUE problem has been shown to be NP-hard just as we wished. One of the 

neat things about graph problems is that asking a question about a graph is often equivalent to asking quite a different 

one about the graph's complement. Such is the case for the clique problem. Consider the next problem which inquires 

as to how many vertices must be in any set which is connected to or covers all of the edges. 

 

REVIEWING THE EXISTING ALGORITHMS: 

We have compared our proposed algorithm with that of traditional backtracking algorithm. The inputs and outputs of 

the algorithm is as follows. 

 

As a starting point, let us look at the unconstrained backtrack algorithm, a search in which no attempt is made to prune 

the search tree. Each node in the search tree corresponds to a vertex of the graph. A child of a given node C is obtained 

by adding to C a vertex x which does not belong to the set C that is adjacent to every vertex in C. The edge from C to 

child C {x} corresponds to the vertex x. A sample graph is shown below. It is to be noted that each clique is 

generated many times. To eliminate the problem of duplicate cliques, the following two theorems were proposed. 

 

THEOREM 1: Let S be a node in the search tree T and let the first son of S in T to be explored be S  {x}. Suppose 

that all the sub-trees of the nodes S  {x} in T have been explored, so that all the cliques containing S  {x} have been 

generated. Then among the sons S  {v}, only those for which v don’t belong to Adj(x) need be explored. 

 

THEOREM 2:  Let S be a node in the search tree T and let S S be a proper ancestor of S in T. If all sub-trees of the 

node S  {x} have been explored, so that all cliques containing S  {x} have been generated, then all unexplored sub-

trees with roots S  can be ignored. 
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WORK OUT OF THE PROPOSED ALGORITHM: 

 

Fig. 2.worked out example of the Algorithm how the cliques are generating   
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The Proposed Algorithm 

 
 

 

Mechanism Of The Algorithm With An Example: 

The graphs are divided into two sub graphs in each phase depending upon the adjacent and non adjacent vertex set of 

the highest degree vertex in the graph. 

 
 

Fig. 3.worked out example of the Algorithm how the cliques are generating 
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Fig. 4.worked out example of the Algorithm how the cliques are generating 
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Fig. 5.worked out example of the Algorithm how the cliques are generating 

 
 

Fig. 6.worked out example of the Algorithm how the cliques are generating 

 

Figures 2,3,4,5,6 are showing all the cliques being generated step by step using the proposed Algorithm 

 

Now finally the cliques thus generated are as follows: {14,15,7}, {6,14,5}, {13,6,14}, {12,9}, {1,12,2}, 

{13,12,6},{8,14,13}, {7,8,14}, {8,9,10,11}, {0,5,7}, {6,0,5}, {1,0,2,3,4}. 

 

COMPLEXITY ANALYSIS OF THE ALGORITHM: 

Metric Used: For complexity analysis, we have used the number of comparisons require for generating the adjacent 

and non adjacent set of the highest degree vertex in the graph. 
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ANALYSIS 

 

Best Case:  

The best case in the algorithm appears in the algorithm when the entire graph is a clique.  In this case, we 

know that, all the nodes in the graph of n vertex (say) will have a degree of n-1. So, the number of comparisons 

required is: 

    n(n-1)=n
2
-n 

    O (n
2
) 

 

Worst Case:  

The worst case in the algorithm appears when the source graph contains all its edges as the cliques. In a graph of n 

nodes where all the edges are the cliques, the graph will have n-1 edges. Therefore the number of comparisons required 

for finding a single clique is as follows: 

 

n(n-1)+(n-1)(n-2)+(n-2)(n-3)+………+2 

i.e, O(n
2
) 

 

Since, the number of cliques grows exponentially, there for there will be an exponential number of cliques and the time 

complexity for finding all of them will also be exponential. 

 

Special Case:  

In the special case if Moon Moser graph, the whole vertex set is divided into a number of triads. Now each time we 

divide a graph according to the policies of the algorithm we get a sub-graph containing n-3+1 number of vertices.  

 

Therefore, the number of comparisons required is (n-3)(n-3+1). Again we divide the sub-graph thus obtained and are 

left with n-6+1 number of nodes in the currently obtained sub-graph. So, we can write  

n(n-1)+(n-3+1)(n-3)+(n-6+1)(n-6)+……+2 

 The first term is used because at the first step, the entire graph of n nodes is to be checked by comparing each node 

with every other node for adjacency. 

 

Here also if the number of triads is T, then the total number of cliques will be 3T, which is exponential. So, the time 

complexity for finding all the cliques will also be exponential. 

 

The Algorithm Generates All Cliques Present In A Graph: 

 

Procedural Details: The algorithm is based on dividing the graph into adjacent and non adjacent set of vertices of the 

node with maximum degree. And the sub graphs are recursively sub divided.  

 

At each instance of the division, a check is done which checks to see whether the sub graphs having n number of nodes 

(say) have all nodes with degree n-1. If so, then the sub graph is declared to be a clique as a whole. 

 

Decision Instances: In the best case, the source graph as a whole will be a clique which will be detected at the first 

instance before dividing the graph even for  once as said in the procedural details. 

 

In the worst case on the other hand, the graph may be a Moon Moser graph, where the cliques are only the single edges, 

the condition specified in the procedural details will be satisfied only at the leaf of the tree generated by dividing the 

graph into adjacent and non adjacent vertex set of maximum degree node of a sub graph. 

 

In the average case, the cliques may be generated on the middle of the tree which will be satisfied by the condition 

specified in the procedural details and refrains from further division of the sub-graph or having further children of that 

node (the sub graph in concern). 

 

Proof:Now, from the decision instances we can say that whether it is at the root node or middle of the tree or the leaf 

node, if there is a clique, it will emerge out of the tree. The reason behind is the check for each sub-graph of n nodes 

(say) having degree of each vertex as n-1, which declares a clique. In the worst case, we have to declare an edge as a 

clique, and since an edge consists of two vertices, therefore the degree of each node is (2-1) =1, hence the clique will be 

detected. Hence we can say that the algorithm will generate all the cliques present in the graph. 
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CONCLUSION 

 

Graph algorithms have been often used to help understanding biology. Clique enumeration is a core component in 

many biological applications, such as gene expression networks analysis, and the quantitative study of high-throughput 

molecular phenotypes, and hence also can find out all the infected sub clusters of any infected community and the 

identified cliques can be labeled as micro containment zones. Several applications in bioinformatics and drug design, 

similarity of proteins or chemical formulae in general. The cliques of a graph are useful in cluster analysis in such fields 

as information retrieval and sociology. Complete Locked down for any community of any Country directly affects the 

countries’ economy. Hence choosing micro containment zone in a infected community in polynomial time efficiently 

actually facilitates the countries’ economy disaster in any pandemic situation. This work is nothing but a proposed 

model for dealing a massive blockage by clustering into sub parts, by solving small parts solves the whole problem in 

that situation in minimum time loss. 
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