
 

S 331 Fall 2024

lecture 24 1212

Today Recap philosophy

Oracles

Betweenworlds

Beyond PIND

Recaplphilosophy

let LC 90113
t
be decisionproblem

Each XE 011 An is EL ornot

e g 00010 7 YES EL

10101 NO EL

We view X input as encoding

human readable input by some std map



eg
Independentset input Gh Eet

size

Forsimplicity if input invalid XE L

P polynomial time

LE P ES Fatso A St Ax

A x decides L in poly txt steps

YES No

NP non deterministic polynomial time

Le NPG 7 also A sit F X
XE LE F h St Alx h returns YES

hint proof I in poly x1 steps

advice
1h1 poly X1



B at
NP oracle good at proving

stretoting

We don't know if we live in

Algorithmic P NP
Pessilandt P I NP simplification

of Impaglitzzo

Nonetheless we Can pay problems are

NP hard L is NP hard iff

forall L e NP if LE P
ther L e p

Unconditional statement NP complete hasteNP



Why is this useful

la 2019 88 99 believe we

live in Pessiland Assumes the is true

ANI NP complete L can't be in P

e g SAT Clique

3SAT Coloring fridisa

loveseatset EYE Hamline

VertexCover LongestPath
SubsetSum Mascot

Prttion
w atSudoku

More fire grated assumptions

SAT takes ch time for n litests ETH



View of reductions L E p L

It's possible that LEP but L E P
It's impossible that L EP but E P

so L is harder

What if we live in Algorithmta

Alsouseful reduction to SAT her her

in blown of size

Better SAT better also for all ofP
Bad news much of cryptography based on

assumption that we don't live in Algorithmic

Intuition the key is the hint



One more complexH Class CoNP
tomcat

LE CNP E F also A sit F X
XE LES F h St Alx h returns no

I in poly ly steps

refutation
1h1 poly 1 1

Claim if we let I Complement of
flipYESNo

ther LE NP E J t GNP

Proot XH is the same as XEL

Use the same hint as for L



Quick quiz is PRIMES in NP comp

XE PRIMES it x n erodes prove n

Aus CoNP Refutation prime factorzation

more on this later

Orates
Imagine you have an oracle who only decides

A

A
Invernoatlet oracle



How impressed should you be

Obviously more impressed with hives problems

Ep L if L
oracle can simulate

can simulate

NP hard an oracle that can solve all NP

A x can decide all Le NP
in poly txt time

poly 1 1 calls to

Theorem Asg is as good as 18
Cook levin

Np oracle



Subtlety optional for the dais

is Turing oracle it can be called

poly lx times in A
Trung's def

A is Kid oracle it can be called

just once did you have to

Ryan'soet return its answer

In this class either det is ok

Impressively SAT is NP hor moe Karp one



Betweenword

NP complete

Q are there LE NP had but 4 NP

A yes Famous example

Halting Xf Halthy if

A input and

A does not runforever on input



Why is Halths NP bro

let Le NP Want to drive xÉ L

Design A as follows

let A be nondeterministicalso for L

Keep looping all hints h stop it

A x h YES

Ask does A halt on x

Why is Haith not in NP

In fact Halths is notcomputable

Proof omitted all your TA
key idea diasonatzzton



Q are there LE NPAANP bat 4 P

A we don't evenknow it P NP CONP

But a few stories

PRIMES in CONP obvious

in NP Pratt 1975

Prout sketch

guess generator g

g g

are all disthat Then

provide prove fastest n 1

in BPP Miller Rabin 1980
randomized P

in P Agrawal Kayal Saxena

2002



Graph Isomorphism in NP HW

in NPhoo

in coNP

in qualif Babai 2016

a
polytrs n

BeyordPINI
A few other cool classes

PSPACE decoable in poly n space

decidable in O loan space

E P E NP E PSPACE
I meant



BPP deidable Wip 22 in polyCa

Under slightly stronger than Pt NP
we get P BPP

Experts UT David Zuckerman

Dana Mushkovitz

BOP Same but with quantum

Unknown relationship between BQP NP

Expert UT Scott Aaronson


