
Today : define P vs . NP + NP-hardness
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evaluate to T ?

*
is there a satisfying assignment s
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UITSATgivenaBodean

circitis

solving us.

verifyingmy certificate
information needed to prove
answer is correct



AproblemsinNayesan an e
CIRCUITSATE NP ?

① what is the certificate2
② not is the poly time

mich of the followingtoentip?·

-ENgiveninteger isit er nation
alg

: compute zn = m

- KVERTEX COVER :

given an undirected

taphGand an integer K, does it have
a UC of size K ?

certificate : proposed rc , S &V

alg for verifying : IVI = K

check that S is a VC

checkthatevery deas
- MINVERTEX COVER : iven an undirected
-

graph G and an set SEV , is she min . VC ?-
ENP.

what if I want to verify a no instance ?
Co-NP : set of all problems we can verify
no instances for in poly time,



P = all problems solvable in poly time .

If a problemXeP , XeNp
?

KVC , EVEN

yes , trivially - X can be the certificate
because I can just solve X

If a problem XENP, is XEP ? *
seems like no ...

to provenogi
ina

P = NP if true

PfNP if A not true

Detem X is NP-hard iff a poly time
alg for X implies that P

=NP.

Cook-Levin theorem :

If CIRCUITSATEP ,
then P=NP.

by def , CIRCUITSAT is NP-hard.

Tgivena Boolean formula, is t it



eg (aubr(ab)va= bre)
I

negation if - then

To prove SAT is NP-hard :

Reduce CIRCUITSAT to SAT
in poly time

To prove any problem NP-hard
,

reduce known NP-hard problem to new

prob. in poly time

3SAT : given a Boolean Formula in
conjunctive normal form w/3 literals

per clause , is it satisfiable
?

clause
-

eg (avbrc)n(bvbrc) (vva)-T
literal literal

book : CIRCUITSAT reduces to 3SAT
in poly time

so 3SAT is NP-hard

Theorem : MAXINDSET is NP-hard.

Pf : by reduction from 3SAT.



SolE3SAT/3CNF Formula w/k clauses)
:

MAX IND SET

:

return T

return F




