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1. Let ¢ be the transformation we saw in the lectures from cnf-sat to 3-sat. For the cnf-sat formula f
represented below, give the corresponding 3-sat formula ¢(f). In this question, write boolean clauses
like this [-1 2 4] instead of like this (—xy V 29 V 24).

clauses of f corresponding clauses of t(f)

[2 3 -5 -6] (2,3, 10], [0, =S, -¢]

[2 3 -4 -5 -6] [z> ], (-0, -4, ], [-12: -5, -6]

[1-23-45 6] [V -2 13, D=1y, 3,4, - -4,15], TS, 5, 6]

ROUGH WORK BELOW THIS LINE

. Does there exist a polytime answer-preserving transformation from Ak-independent set to sat (satisfia-
2. Does tl t a polyt ] ¢ transformation from k-independent set to sat (satisfi
ility)? Write your answer here (ves/no/not known):
bility)? Write | . t k

Justify your answer here:
Yes. We already know that sat s an NP-Complett problem.
A problem Xe NP s complete i€ for each problem A € NP,
there is o polytime  ansier - presenting transfocomation  Crom
AR to X. Rs k-independent et is in NP (it is a decision
problem and o k-independent set can be Jerified in polytine),
then there s o transformation Erom k-indeperdent set to sat.
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5. Recall from the lectures the polytime answer-preserving transformation ¢( ) that maps any 3-sat instance
z with k clauses to a k-independent set instance t(z) where ¢(2) is a graph.

a) On the nodes below, draw t(z). Label each node with its corresponding literal.
z= (21 VxeVaz)A(xyV-ozy V) A(—xy Vas V) A (- Vo V-ors)

b) Assume that ¢(z) has an independent set I of size k. For each statement below, write T (true) or F

(false) and justify your answer.

i) If I contains a node labelled —z;, then I does not contain a node labelled x;.

T/F? __ T _ Reason?

A node labelled withT'\} is always connected to a node labeled with X - So these two
nodes can’t be included in an independent set.

ii) I includes exactly one node from the first clause of z.
T/E? _ T Reason?

Since every two nodes of one clause are connected and the set I is an independent
set, then I can contain at most one node from each of the clauses.

On the other hand, since there are k clauses and I has a size of k, then it should
contain exactly one node from each of the clauses.
iii) Let A be the truth assignment that sets each literal that is a node of I to true. A satisfies z.

T/E? _ T Reason?

Based on the claim in part (i), we can argue that I includes one node from each of

the clauses, so the assignment A will assign truth to one literal from each of the
clauses and all the clauses will be satisfied.

On the other hand, following from claim (ii), no two nodes that correspond to
negating literals can be in I. So, assignment A can’t have a contradiction.



