
 

M neiof ion

Last time New notion of proof probabilistic proof systems

pep theorem

Hardness of approxin tin for GPs in general

Max HAT specifically

fo using first PCP than

g te using Histad's 1 Sit KP tha

clay Another notion of proof hadaei of approximation

Th time Fu Mak 3SAT it is NP hard to

distinguish instances in which all clause satisfiable from

instances in which at na't fo of clauses are satisfiable

YES instance all clauses satisfiable

NO instance E fo fraction of close satisfiasle

Note YT worse than I but completeness 1 is nice property

Max LSAT Every clause has 3 literals



Max SAT 5 Every clause he 3 literal

Every variable in 5 clause

tandard transformation from Max ISAT to Max 34T S

loses a constant in soundness

Thai for Max lsat s it is NP hard to distinguish

between

instances in which all clans satisfiable YES instances

instances in which El fraction of clauses are satisfiable

NO instances

for some constant 70

One round Two Prover proof system for language L

Two provers one verifier All know input y

Verifier asks each prover a question possibly different
Provers answer Computationally Unbounded deterministil

Based on responses verifier decides whether to accept YES

or reject No Must run in polytime

Provers can decide on a strategy beforehand but can't



communicate vith each other after receiving qustion

Proves trying to get verifier to accept

Verifier trying to check if get

in ta inn tee

Dt HD

innate
random c ing

Trivial 2 power proof system for 3SAT S

Verifier ask each pro v for assignment

Checks whether each assignment satisfies all dunces

or E 1 a fraction of clause

if q YES instance provers can get verifier to accept

with prob 1 canaleteness 11

it 4 NO instance no matter what powers do verifier

accent with prob 0 sa d es O



what if we want questions answers to be shot

Use randomness

Verifier on instance 9

Choose clause C uniformly at random

Choose one of the three varialle in uniformly

at ra dam Call it X

Ask prover 1 for an assignment to Ttf

Ask prover 2 for a satisfying assignment to C

17 possibilities

PL's answer includes assignment to Xi Return YES

if it matches P1 s assignment taxi

Otherwise return NO

HI KD
x Ix T x f

Pick C XiVXIVxu
uniformly at random
pick x zu a r from XiX7 X 2



Lenya If 4 a YES instance there is an assignment

satisfying all clauses then provers can get verifies to

return YES with prosahility 1

E
Return appropriate part of satisfying assignment

Lenny If 9 a NO instance every assignment satisfies

at most 1 E fraction of cla seal then no matter

what proves do

Picverifier return YES El 4g

PI Note prove are deterministic

P1 Ha some assignment ret n Xi TIF d.pe dig

on assignment

satisfies E l e of ch se

with prob Z E we choose C not satisfied

PLi return satisfying assignment for C

disagrees with P1 on at least one of the

three cars



we choose which car to ask P1 h a r from the

find disagreement with prob 2 43

New computational problem Find best strategy for provers

Label cover

Input Bipartite graph C CHR E

Alphalet Ec Alphabet Er
Relation Tee Eax Er for each eet

Feasible Assignment f L 7 E a d f R 2 Er
Objective max fraction of edge 4 u et Hal fall C Itu

EI Ee Er

Vq
Thu a C al

m wa Tum 1 1 a al fo m cm
n on



Infernal claim this is the problem of finding the best

strategy for provers

On input y with a variable and m n clause

variable vertex for each variable

R clauses vertex for each clause Xi XiUxVx

E add edge b w every vortex and clause it appears in

left a des ha e degree 5

right a des have degree 3

c TIF Er 7 satisfying assignments

Team 7 pairs o t of 14 that are consistent

Regularity choosing random 4 random Xi C same as

choosing ra dam edge

LC solution f is a strategy for peer where

Prcverifier accepts fraction of edges whose relation is

satisfied by f

C chiective



The There is some constant or 0 sit it is Np hard

to distinguish between instances of Label care where

All edges can be satisfied

At most 1 e fraction of edges can be satisfied

Np hard to approximate LC better than I e

Tum ont LL much harder

Back to 2 prove proof system how to boost sundaes

from l 43 to something smaller

How to boost probability of catching prams in

inconsistency1

Obvious approach repetition

Repeat K times

f never detect inconsistency E l 4,1

works great But to maintain connection to LC need

to maintain 1 round



Idea repeat in parallel

Verifier
choose 1C random clues 1 L I Ck

from each clause Ci choose random variable Xi from Ci

Ask prover 1 for assignment for every x

Ask pro e L for satisfying assignment for every C

Return YES if consistent on all k

NO otherwise

Gives LC instance

L Ln R Ln 4 123 E 171

Tix ii cc cn dir Kia Ch Bel c 2 x Ik
Hii Bil c IT ci

for all i CCk

Qi Is asking questions in parallel sane as repetitively

Intuition yes How can provers cheat by knowing questions
in parallel

Truth No Provers can convince verifier with p.ch Cl 431k



But parallel almost as good

fi IEE I.ntinv in

there is some constant c 0 s.t.tk no matter what

provers do in K parallel repetition

Pr verifier returns YES 1 e
k 1 e

Implication to Label Cover

The There is some e 0 and c 0 it K 1

unless NPEDTIME no there is no polytime

algorithm which can distinguish between instances of

Label over where

all edges can be satisfied

1 e
k
fraction of edges can be satisfied

Note Instead of assuming PENP assuming NP DTIMf aock

b c size of LC instance n

for any constant k DTIME mock P



Corollard for any constant 04 41 unless P NP
there is no polynomial time α approximation

algorithm for Label Cover

ps set K O log a

LC graph has size Nink n
49 n

log N O log n log n log n

log n Clogen

inappratimability 1 e

1 y
log

2
clog a

z iY
i En

2
N

Quasiphytime time ocarascal



Ths For any 70 unless NP has quasipolytine

algorithms there is no polytine algorithm for

Label Cover with approximation better than 2
19

UniquGame

it

use It is NP hard to dieting is

I e us E in 4 igy hans

start


