
 

Today CSS 203.7

Computational
pops and hardness complexity

of approximation Lecture 29

Instructor 31May21
Prahlad Harsha

Recap form last kme

L language

L KEL L KEL I
T

Tdet Ov f

0 Fo
g

L C PCP Lee g m t a

random coins

9 queries
m prooflengthIfs g 2h E running honey

Vercher

IEEE a age ofpredicate



PCP Theorem I
There exists a Q at
the NP 3 a constant c

Today
PCP Lalogn

Approximaton Algorithms
NP hard combinatorialophmjafonproblem

Vertex Cover
Max Clique
TSP

Max SAT

Can we design approximates alg forthese problemsinstead
Maximgaton Problem

2E Con
A 2 approx for OI

x LAT AG

a OPTOIG AGG E OPTOICH

For meningakon problem A EEG



Venter Yz approximaton
Maximal matching MM

VCCG s 21mm I 2 VCE

MAX3 SAT 78 approximakon
Input q GAG Mm

G clauseof 3 hferals
Goal Find the max of clauses that

can be simultaneously safsfed
on assays

TIP 43 approximation CChurstofdes
metre instances alg 1976

QI Gren a maxfm.sn problem what is
the best factor upto which we can

can approximate

Limit to approximation

Understanding hardnessof approximatesproblem
t

Construct the corresponding decision
Focus affenkon on MAX3SAT problems



2 approximates for MAX3SAT

Definition LE CoD gap MAX3SAT

prom.se problemYES Cq k F an assign that safest
clauses

No Cy b Every assign safes 2K
number of clauses

Prof L approximating MAX3SAT is pdyt.me
I

gap MAX3SAT is polyhme

If I Suppose As an aapprox
alg for MAX3SAT

B On enpatCgk
1 Run It on g s let ACH
2 Accept if K zak

9 2 EYES OPTCg k

Acg a Tcg at
B Xp YES



Cf k C No OPTO xk
A g L OPTED safe
B o p No

F Suppose B is an alg for

gap MAX3SAT

A On input of
e m clauses my
2 Run B i for c Ito m

3 Let E largest k s 1
Bff E YES

4 Output date

Bff LET NO a B KD YES
I I

9,12 1 f YES Cq K f NO
I

OPT g s k OPT g 32k

a OPT g E att E OPTCg

Hence A es an x approx DX



PCP Theorem It I am a c Coil such
that SAT is phone reducible to

gap MAX3SAT Ge F phone redn R
s t

HE SAT REY Cf E EYES

44 SAT RAH k C No

ie TLE Q1 gap
MAX3SAT is NPhard

F LE Con L approx.memgMAX3SAT
is NP hard

gap MAX3SAT

YES of of C SAT

No of K assignments af most
am clauses are safes fed

PCP Theorem III J de Co 1

gaps MAX3SATA is NP hard

IQs PCP Thm PCP T.fm I



Lemma PCP Theorem I PCP Theorem

Proof
PEP 7hm PCP 75ns I

Assume SAT Ep gap MAT3SATB
for some

xE Coil

Let LE NP
L Epgapa MAX3SAT

x i R
Cf

x C L Y E SAT

KEIL Every assign sat at
most am clauses

m clauses g

Restricted Ven fer V

on
am

q RG4 IT
2 Pick a random clausec an assign

of g
to g

3 Query the 3 rare Joyaccept f Az they satisfythe



clause

XEL of C SAT pqfVEx.IR acI 1

KEIL Every assign sat at
most am clauses

m clauses f

FIT pqfvtcx.iracaJsxLEPdaLlogm 3J
PCPe.aLclogn 3J Cancers ng
C PCP Lkalogn 3E

PCP Theorem I PCP Theorem

Assume SAT has Glogn Q restricted
verefee for some

constant c Q

We need to find a pfm meds
from SAT to

gap
MAX3SAT

for some NEED
SAT gap MABSATA

First SAT gap
MAXQSAT'd



f MAX Q'SAT instance

Vans Proof bitsof a
of Clauses

One for each R
D predicate on

Q locakons

OI A De
R

Q arch

Ronning tone of redn
E I polyG

SAT gapq MAXQS.AT

Observation HQ I eat a HQ s f

any Bodean FED on Q vans can

be encoded 6g a Scarf formula
on Qt lCQ cans KO clauses

Q original var
ICQ add.Gonalvara s f

b
a L 3 a setting to add tonal

van G b L



DAH I f settings b of addefond
vans Gca b f 1

SAT gapa MAXQS.AT ggz MAx3SAT

Dr Ape 8D
OI 4

YES LI is a sates fake instance

pro Max faction I I 1
tfclauses 2 2

satisfied 1 He IT2
f L I
2K

Redz SAT gapqIMAx3SAT

Inclusion J x c Con at
d approximating MAX3SAT as NPhard

T hard

548 I

easy
Hasted Fe o Fte approx MAX3SAT isNP hard



Next lecture FeigeGoldwasserLovage fazfzaeged.gg
PCP Theorem I NP hardness

of approximating
CLIQUE


