Theorem 7.1 Cook’s Thm: SAT is NP-complete.

Proof:

Let B € NP. By Fagin’s theorem,

B={A|AE 9} @ = 3Cgk - C2F ARV -2y (a(T))
with « quantifier-free and CNF,
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where each ); ; is a literal.

A arbitrary, n = |A|, Define boolean formula ¢ 4:

boolean variables: C;(eq, ..., ex), Aler,. .., ex)

i=1,...,9, €1,...,60 € |A]

literals: X\ ;(e), i=1,....,r,j=1,...,s e€|A

A j(€) is A j(e) with R(e), replaced by T or | according as A = R(e);  Cj(e), and A(e) are just boolean
variables.
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AeB = AE @ = ¢(A) € SAT



Example: Fagin’s Theorem implies Cook’s Theorem

Porcolr = FR'IB'Va,y[(R(z) V B(x))
A (=E(z,y) VvV —R(z) V = R(y))
(z,y

A (mE(z, )vﬁB(x)V—'B(y))}
: @ @

boolean variables: 1,79, 01, bo

|

oo = (M V) A(TVIVI)A(TVDE V)
(ri Vo) A(LVFIVT) A(LVbVby)
(rg Vo) A(LVTVTT) A(LVbyVb)
(ra Vo) A(T VTR VT) A (T VbV by)

Simplifies to: (1 V by) A (12 V by) A (7T V72) A (by V by)



