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Given a boolean circuit K

Circuit SATAND OR NOT

yes
for T T

T
this instance'f

T T

T Can verify a solution

F in O n

Can we set the variables to Trup False so the

light turns on

SAI Given a Boolean formula can I set the variables



so the formula evaluates to True

Could also nondeterministically try all settings and
return True if any make the bulb turn on

NP Nondeterministic polynomial time
problems answer yes or not youdefinitive
nondeterministioly in poly time

or if the answer to an instance is

Yes there is a proof or certificates
you can verify in poly time

Formaly Pepi iin A is in NP if

There is a poly time procedure M
called theverified that takes



1 an input of A
2 a certificate y st

is a Yps instance of A iff
at least one

there exist poly size y sit
M x

y True
e g y setting of variables

y a permutation of vents
for HamCycle

P deterministic polynomial time
decision problems with poly time algs

NP hard

Does P NP
pear

iii

NP complete



1,000,000 if you
Consensus P NP answer with good

proof

BisNP istbereisa
poly time reduction frome all AENP

to B
strongly suggests no poly time alg for B

otherwise P NP

A is NP complete if AENP A is NP hard
A has a poly time algorithm
iff P NP



Cook Levin SAT is NP complete

toprw.am tfIh n a

a known NP hard problem X to Y
A ENP in poly

time



For a Boolean formula

variables x y

literals x x ̅ y J
clause disjunction or of literals

x vyvy

YIII.tn I
nes

avbvc n bvdvp 1

3CNF each clause has the literals

3 SAT Given a Boolean formula



in 3nF can up set the vars to

make it True

Thm 35 AT is NP complete
3 SAT in NP



Reduce
Circuit SAT

to 3SAT n time
in poly time

can

We



Max Ind Set Given andirected G V E

Find max of vertices not sharing
an edge

Thm Max Ind Set is NP hard

Reduce front 3 SAT to Max Ind set

Let be a 3CNF Boolean formula
KE clauses

Build graph G V E

G has 2k vertices one per literal

av6vc



Add edge between literals in same

clause

add edge between
each literal inverse

avbvclnconi.ve



Ren alg for Max Ind Set return if

size k

BSAT

É
t.me talausesinftkg
Need idf proof


