Reduction of SAT to 3-CNF-SAT:
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Reduction of 3-CNF-SAT to Clique:
NOTE: In the reduction of 3-CNF-SAT to Clique, size of clique will be number of
clauses (k) in the given CNF Boolean formula.
1. Construct a graph G of k clusters with 3 nodes in each cluster.
2. Each cluster corresponds to a clause in ¢.
3. Each node in a cluster corresponds in a literal in that particular clause.
Each node in the cluster is labeled with a literal from the clause.
4. An edge is put between all pairs of nodes in different clusters except for
pairs of the form (x,1x).
5. No edge is put between any of pair of nodes in the same cluster.
6. G has k-clique iff ¢ is satisfiable.
7. If the graph G has k-clique,
a. Clique has exactly one node from each cluster.
b. Corresponding literals can be assigned True.
c. Hence, ¢ is satisfiable.
Example
1. Reduce the Boolean 3-CNF formula ¢ = (x1 V -=x2 V =x3) A (-x1 V x2 V x3)
A (x1V x2 V x3) to cligue.
Solution
e Construct graph G with 3 clusters and 3 nodes in each cluster. Add edges
between all pairs of nodes in different cluster.
e Below figure shows the graph with edges added between pair of nodes in

(cluster 2, cluster 1) and (cluster 2, cluster 3).



e Likewise, when you add edges between pair of nodes in (cluster 1, cluster

3), we get below graph.
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e Select one node from each cluster and check whether it forms a clique.

e Inthe above graph, nodes highlighted with light grey have been selected.
It forms a clique.

e The size of clique is 3 as we have 3 clauses in the given Boolean formula.

e Corresponding literals can be assigned true value. The satisfying

assignment of the formula has x2 = 0 and x3 = 1. X1 may be either 0 or 1.



e Acorresponding clique of size k = 3 consists of the vertices corresponding
to -x2 from the first clause, x3 from the second clause, and x3 from the
third clause.

e Because the clique contains no vertices corresponding to either x1 or -x1,

we can set x1 to either 0 or 1 in this satisfying assignment.

Reduction of 3-CNF-SAT to Independent Set:
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